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X.  '*  On  a  Group  of  Varieties  of  the  Muscles  of  the  Human  Neck, 
Shoulder,  and  Chest,  with  their  transitional  Forms  and  Homo* 
logics  in  the  Mammalia."  By  John  Wood,  F.R.C.S.,  Examiner 
in  Anatomy  at  the  University  of  London.  Communicated  by 
Dr.  SuARPEY,  Sec.  R.S,     Received  June  17,  1869. 

(Abstract.) 

The  muscular  varieties  described  by  the  author  in  his  paper  comprise 
the  occipito-scapular,  the  levator  claviculce,  and  the  cleido-occipital^ 
among  the  muscles  which  elevate  the  scapulo-clavicular  bone- arch;  the 
sterno-scapular,  the  sterno- clavicular,  and  the  scapulo-clavicular,  of  those 
which  depress  it ;  and  the  supracostal,  placed  upon  the  upper  part  of  the 
thorax. 

The  human  oceipito-scapular  was  first  observed  and  described  by  him  in 
the  Proceediugs  of  the  Royal  Society  in  1867.  Since  that  time  various 
developments  of  muscular  slips  connected  with  the  splenii,  levator  anguli 
scapula,  and  eerrati  have  been  observed,  and  are  described  and  figured  as 
a  series  of  varieties  transitional  from  the  occipito-scapular  behind  to  the 
levator  claviculce  in  front  of  the  neck.  The  homology  of  the  occipito- 
scapular  with  the  levator  scapula  minor  vel  posterior  of  Douglass/  the 
rhomhoideus  capitis,  rhombdide  ant^rieur  of  Meckel,  and  the  rhomhdide 
de  la  tite  of  Cuvier,  is  traced  in  the  different  orders  of  the  Mammalia, 
from  direct  observation,  in  the  following  animals,  viz.  the  Bonnet- Monkey, 
the  Hedgehog,  Mole,  Dog,  Cat,  Badger,  Weasel,  Rabbit,  Guineapig,  Nor- 
way Rat,  and  Squirrel,  of  which  drawings  from  dissections  accompanied 
the  paper  ;  and  also  from  various  authorities  in  reference  to  a  considerable 
number  of  other  animals. 

The  levator  clavieula  he  described  in  reference  to  its  animal  homologies 
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in  his  paper  read  before  the  Royal  Society  in  1864 ;  he  has  found  it 
in  6  out  of  202  subjects.  In  the  present  paper  the  author  gives  an 
abstract  of  the  observations  of  the  older  and  modem  anatomists  re- 
ferring to  this  muscle  in  the  human  subject  under  various  names,  and 
enters  at  length  into  its  homologies  in  the  Mammalia,  as  described  by 
writers  under  its  synonyms, — ^the  levator  scapula  major  vel  anterior  (Dou- 
glass), omO'  ou  acromiO'tracMlien  (Cuvier  and  Meckel),  acromio-basilar 
(Vicq  d'Azyr),  basio-humeralis  (KiBxise),Kop/'-Arm'Muskel(Fejer),  clavio- 
tracMlien  (Church),  transverso-scapulaire  (Strauss-Diirckheim),  omo- 
atlanticus  (Haughton),  and  cervico-humeral  (Humphry), — ^illustrating 
them  by  drawings  from  his  own  dissections.  He  enters  more  fully  into 
the  discussion  of  the  apparently  anomalous  composition  of  the  muscle  in 
the  Rabbit,  gives  reasons  and  comparative  illustrations  from  the  Fallow- 
deer  and  Ass  for  considering  the  seeming  doubling  of  the  muscle  to  result 
from  a  peculiar  development  of  the  cleido-mastoid  in  apparent  conjunction 
with  it,  and  considers  that  the  muscle  which  has  gone  under  the  last  name 
in  the  Rabbit  to  be  really  a  development  of  the  cleido-occipital. 

The  cleido'occipital  he  described  in  his  paper  published  in  the  Proceedings 
of  the  Royal  Society  in  June  1866 ;  and  he  has  found  it  since  that  time  in 
37  out  of  102  subjects.  In  the  present  paper  he  quotes  briefly  the  various 
anatomists  who  have  described  it  as  part  of  the  stemo-cleido-mastoid  or 
trapezius,  and  connects  it  homologically  with  the  muscles  which  have 
been  described  in  the  claviculate  mammalia  as  a  second  cleido-mastoid, 
and  in  the  semiclaviculate  as  the  trapezius  clavicularis  Q^ portion  cervi' 
cale")  of  that  muscle,  giving  illustrations  of  its  gradual  or  transitional 
forms  of  development  from  specimens  that  have  come  under  his  own  ob- 
servation, or  which  have  been  gathered  from  the  writings  of  others,  as  far 
as  to  the  formation  of  the  compound  eephalo^humeral  or  levator  humeri 
muscle  of  the  Rodents  and  Camivora. 

The  stemO'Scapular  muscle  was  first  described  as  a  variety  in  the  human 
subject  by  the  author  in  his  paper  published  in  the  *  Proceedings '  in  1865  ; 
it  had  been  previously  described  by  various  anatomists  and  by  himself  as  a 
double  subclavius,  with  an  insertion  into  the  scapula.  In  the  present  paper 
he  briefly  quotes  these  authorities,  and  shows  the  various  developments  of 
the  muscle  in  animals.  In  connexion  with  it  he  describes  a  scapulo' 
clavicular  variety  (first  observed  by  him  as  a  human  variety  in  1865),  and 
compares  it  with  the  human  abnormalities  described  by  authors  as  varieties 
of  the  omO'hyoid,  It  is  described  by  Cuvier  as  the  *'  scapulo-clavien"  in 
the  Rat-mole  of  the  Cape  and  in  the  Didelphis  marsupialis,  and  has  been 
found  by  the  author  in  the  Rabbit,  Guineapig,  Squirrel,  and  Norway  Rat. 

He  also  describes  the  specimens  he  has  found  of  the  stemo-clavicular 
muscle,  mentions  the  observers  who  have  before  seen  it  and  recognized  its 
homologies,  and  gives  illustrations  of  its  formation  in  the  Rabbit,  Guinea- 
pig,  and  other  animals. 

The  supra-costal  muscle  was  first  discovered  and  described  and  figured 
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bj  the  author  in  his  paper  published  in  the '  Proceedings'  in  1865,  and  was 
again  noted  and  recorded  bj  him  in  1867 ;  it  has  also  been  observe^d  in 
the  human  subject  by  Professor  Turner  and  others,  and  is  considered  by 
the  former  to  be  the  representative  of  the  rectus  thoracicus  of  animals 
The  author,  howeyer,  is  of  opinion  that  the  muscle  figured  by  Cuvier  as 
the  sierfuhcostal  in  animals  is  a  better  fitting  homology,  and  gives  in  this 
paper  illustrations  from  his  own  dissections  in  animals  in  support  of  this 
view. 


XI.  ''  Results  of  the  first  year's  performance  of  the  Photographically 
Self-recording  Meteorological  Instruments  at  the  Central  Ob- 
servatory of  the  British  System  of  Meteorological  Observa^ 
tions/'  By  Lieut.-Qeneral  Edward  Sabine^  R.A.,  President. 
Received  June  17,  1869. 

Before  the  Fellows  of  the  Society  disperse  for  the  long  vacation,  I  am 
desirous  to  bring  under  their  notice  the  results  of  the  first  year's  perform- 
ance (January  1  to  December  31,  1868)  of  the  photographically  self- 
recording  meteorological  instruments  established  at  Kew,  the  Central  Ob- 
servatory of  the  British  Meteorological  System  instituted  by  the  Board 
of  Trade  and  superintended  by  a  Committee  of  Fellows  of  the  Royal 
Society. 

The  photograms,  with  tabulations  carefully  prepared  from  them,  are 
transmitted  monthly  by  Mr*  Stewart,  the  Superintendent  of  the  Kew 
Observatory,  to  Mr.  Scott,  the  Director  of  the  Meteorological  Ofiice  in 
London,  where  the  results  are  computed  and  embodied  in  Tables,  of  the 
nature  of  those  which  are  now  presented. 

The  first  of  these  Tables  shows  the  Diurnal  Variation^  or  the  values  of  the 
phenomena  at  each  of  the  24  hours,  on  the  mean  of  the  year.     It  exhibits 

1st.  The  Temperature. 

2nd.  The  Elasticity  of  the  Aqueous  Vapour. 

3rd.  The  Barometric  Pressure. 

4th.  The  Pressure  of  the  Dry  Air. 

5th.  The  Humidity. 

In  meteorology  and  climatology  much  instruction  may  often  be  derived 
from  tracing  the  modifying  influences  of  diversities  of  situation ;  and  I  have 
thought  that  these  Tables  might  be  made  more  acceptable  and  interesting 
to  the  Society,  and  the  subject  be  advantageously  illustrated,  by  the  addi- 
tion of  corresponding  results  for  two  other  stations,  which  are  very  nearly 
in  the  same  geographical  latitude  as  Kew,  but  are  very  differently  situated 
in  other  respects,  being  in  the  interior  of  the  European  and  Asiatic  conti- 
nent— thoroughly  continental  therefore,  and  as  such  contrasted  with  our  in- 
sular Britbh  stations.  Nertchinsk  and  Bamaoul,  both  in  Siberia,  are  two  of 
the  stations  of  the  great  Russian  system  of  observatories,  established  by  our 
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late  Foreign  Member,  Mr.  A.  T.  Kupffer,  and  ably  superintended  by  him  for 
several  years  until  his  decease.  I  had  been  assured  by  M.  Kupffer  that  I 
might  thoroughly  rely  on  the  observations  made  at  these  two  stations ;  and 
I  have  since  acquired  experimentally  the  fullest  confirmation  of  this  assu- 
rance in  the  case  of  Nertchinsk  (as  regards  the  maffnetical,  and  inferen- 
tially  therefore  also  as  regards  the  meteorological  observations),  by  the 
very  delicate  and  sufficient  test  adverted  to  in  page  238  of  Art.  VI.  in  the 
Phil.  Trans,  for  1864.  Barnaoul  is  in  lat.  53°  20',  corresponding  with  the 
rough  average  of  the  latitudes  of  our  British  stations  generally,  and  is  400 
feet  above  the  sea.  Nertchinsk  differs  only  10'  from  the  latitude  of  Kew, 
but  has  otherwise  a  marked  feature  of  diversity  in  being  at  an  elevation  of 
2230  feet,  whilst  Kew  is  only  34  feet  above  the  sea-level.  At  Kew  we 
have  only  as  yet  available  the  records  of  a  single  year,  necessarily  in- 
fluenced by  the  natural  irregularities  which  cause  one  year  to  differ  from 
another.  These  irregularities  are  lessened,  in  the  case  of  the  Siberian  sta- 
tions, by  combining  in  the  present  paper  the  results  of  two  years  of  obser- 
vation. 

I  may  now  proceed  to  the  Table  of  the  Diurnal  Variations,  and  to 
a  brief  notice  of  the  most  salient  features  presented  by  the  comparative 
view  of  the  phenomena  of  the  three  stations  as  shown  in  that  Table. 

In  discussing  the  diurnal  variations  of  the  meteorological  elements,  it  is 
customary  to  commence  with  the  temperature,  regarding  it  as  in  a  great 
degree  the  governing  agent  in  regulating  the  phenomena  of  those  other  ele- 
ments which  are  the  subjects  of  the  photographical  registration.  In  the 
middle  latitudes,  with  which  alone  we  have  at  present  to  deal,  the  diurnal 
variation  of  the  temperature  is  recognized  as  a  single  progression,  having 
one  ascending  and  one  descending  branch,  the  turning-points  being  a 
maximum  at  an  early  hour  in  the  afternoon,  and  a  minimum  at  a  little 
before  sunrise.  We  find  this  to  be  the  order  of  the  phenomena  at  the  three 
stations  under  review,  viz.  a  maximum  between  2  and  3  hours,  and  a 
minimum  between  \6  and  17  hours  (4  and  5  a.m.),  the  range  between 
the  extremes  presenting,  however,  very  marked  differences,  being  1 0°*7(Fahr.) 
at  Kew,  14°-0  at  Barnaoul,  and  17°0  at  Nertchinsk. 

It  has  been  the  practice  for  the  last  thirty  years,  at  the  principal  European 
observatories,  to  regard  the  elastic  force  of  the  aqueous  vapour  as  an  im- 
portant meteorological  element,  and  to  employ  it  in  the  separation  of  the 
barometric  pressure  into  its  two  constituents,  viz.  the  pressure  of  the  dry 
air,  and  the  elasticity  of  the  aqueous  vapour  mingled  therein*.  In  con- 
formity with  this  practice,  we  may  take  the  vapour  tension  next  in  the  order 
of  succession.  It  was  remarked  by  Bessel,  in  the  Astron.  Nach.  for  1838 
(No.  356),  that  **  since  the  invention  of  Danieirs  hygrometer  and  August's 
psychrometer,  we  possess  the  means  of  ascertaining  at  all  times  with  ease 
and  sufficient  exactness  the  quantity  of  aqueous  vapour  contained  in  the 

•  In  tho  publications  of  the  British  Colonial  Observatories  (184^-1847)  this  method 
was  adopted  in  tho  meteorological  reductions,  being  one  of  its  earliest  applications. 
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atmosphere."  The  most  convenient  mode  of  photographic  investigation 
and  record  which  presented  itself,  and  was  adopted  at  Eew,  was  bj  the 
employment  of  wet  and  dry  thermometers;  the  difference  between  the 
two  thermometers  admits  of  exact  measurement,  and  supplies  the  element 
which  is  desired,  the  accuracy  of  the  record  being  occasionally  tested  by 
comparison  with  the  results  obtained  by  Begnault's  "  hygromfctre  k  con- 
densation***. The  gain  of  even  two  years  of  observation  over  a  single  year 
may  be  here  at  once  seen  by  the  greater  regularity  of  the  two  years*  record 
at  the  Siberian  stations.  Taking  these  therefore  in  the  first  instance,  we 
find  that  at  both  stations  the  elasticity  of  the  vapour  presents  a  single  pro- 
gression, having  maxima  about  noon,  and  minima  at  16  hours  (4  a.m.). 
The  difference  in  the  amount  of  vapour  at  the  two  stations  is  due,  of  course, 
to  the  greater  altitude  of  Nertchinsk.  At  Kew  the  progression  is  not  quite 
00  regular  as  where  two  years  are  combined  ;  the  values  at  21,  22,  and  23 
hours  are  high  in  comparison  with  the  other  hours,  possibly  owing  to  pecu- 
liarities in  the  weather  of  the  particular  year  ;  in  other  respects  the  pro- 
gression is  similar  to  that  at  Nertchinsk  and  Bamaoul,  and  the  time  of 
minimum  is  identical  at  the  three  stations,  viz.  at  16  hours.  The  higher 
elasticity  of  the  vapour  at  Kew,  in  comparison  with  the  two  Siberian 
stations,  is,  of  course^  due  to  the  higher  temperature  at  Kewf. 

In  the  case  of  the  Barometer  there  are  slight  indications  at  each  of  the 
three  stations  of  the  existence  of  a  double  progression ;  but  in  the  middle 
latitudes  a  longer  series  of  observation  is  clearly  required  to  determine  regu- 
lar periods  (if  such  there  are)  in  a  satisfactory  manner.  One  conclusion  is  ob- 
vious, that  in  the  latitudes  of  51^  and  53^  the  striking  regularity  and  mag- 
nitude of  the  double  period  which  prevail  in  the  tropics  do  not  subsist. 

The  minimum  of  the  dry  air  coincides  at  the  three  stations,  as  nearly 
as  may  be,  with  the  warmest  hour  of  the  day  (2  or  3  hours).  There  is 
also,  at  each  of  the  three  stations,  an  approximate  maximum  at  or  near  the 
coldest  hour.  At  Barnaoul  and  Nertchinsk  the  progression  between  the 
hours  of  minimum  and  maximum  is  uninterrupted ;  at  Kew  it  is  obvious 
that  a  single  year  is  not  sufiicient  to  justify  conclusions  in  this  respect. 

Regarding  the  Humidity^  the  minimum,  or  dryest  hour  of  the  24,  is  in 
all  cases  coincident  with,  or  closely  following  upon,  the  warmest  hour ; 
and  the  hour  of  greatest  humidity  that  of  the  lowest  temperature.     Kew 

*  There  have  been  some  few  oocasions  in  this,  the  first  year  at  Kew,  when  the  con- 
tinuity of  the  trace  from  the  wet  thermometer  failed,  in  consequence  of  the  freezing 
of  the  water  by  which  its  ball  was  wetted,  or  owing  to  other  causes.  Arrangements 
have  now  been  made  to  meet  these  difHculties  in  continuous  registration. 

t  The  Tables  employed  in  the  calculation  of  the  values  inserted  in  the  columns  of 
"  Elastic  Poroe  of  Vapour  "  and  "  Humidity"  have  been  the  weil -known  Russian  Tables, 
♦  Tables  Psychrom^triques  et  Barom6triques  k  I'usage  des  Observatoires  M6t^orologiques 
de  TEmpire  de  Russie.'  Very  convenient  Tables  have  also  been  published  by  the 
Smithsonian  Institution,  computed  by  Dr.  Guyot.  Two  of  the  three  stations  of  the 
present  paper  being  Russian,  it  was  deemed  advisable  to  employ  tlie  Russian  *  Tables 
Psychromdtriques,  &c.'  for  the  reduction  of  the  results  in  the  present  paper. 
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and  Ban&aoiil  haye,  on  the  mean^  almost  exactly  the  same  degree  of  hu« 
midity,  the  greater  amount  of  vapour  at  Kew  hemg  halanced,  in  its  influence 
on  the  humidity,  hy  the  higher  temperature.  Nertchinsk  is  both  the 
coldest  and  the  driest. 

So  far  as  the  purposes  of  the  Meteorological  Committee  can  yet  be  con- 
sidered as  settled,  it  is  their  intention  to  combine  the  results  of  every  five 
years  of  observation  into  a  Table  of  Diurnal  Variations,  similar  to  that 
which  is  now  presented  for  Kew  for  a  single  year.  A  second  period  of  five 
years  will  yield  a  second  Table ;  and  two  such  combined  will  form  a  ten- 
year  Table,  more  satisfactory  than  either  of  its  two  component  parts,  but 
still  open  to  correction  by  incorporation  with  subsequent  periods  of  equal 
duration. 

The  other  six  observatories  of  the  system  established  by  the  British 
Government,  viz.  Aberdeen,  Armagh,  Falmouth,  Glasgow,  Stonyhurst, 
and  Valencia*,  have  received  their  instruments,  which  had  been  prepared 
and  verified  at  the  Central  Observatory  (Kew),  where  also  those  who 
were  to  work  with  them  had  received  personal  instruction  in  their  use ; 
and  on  the  completion  of  these  and  all  other  needful  arrangements,  the 
six  observatories  commenced  on  July  1,  1868,  a  continuous  record  corre- 
sponding in  all  respects  to  that  at  Kew.  The  photograms  and  the  tabu- 
lations prepared  from  them  at  the  several  observatories  are  transmitted 
monthly  to  Kew,  where  they  undergo  careful  examination,  and  revision  if 
required ;  and  at  the  expiration  of  a  second  month  they  are  sent,  with 
the  records  prepared  at  Kew  itself,  to  the  Meteorological  Office,  where, 
under  the  direction  of  Mr.  Scott,  they  are  formed  into  Tables,  and  used 
for  all  meteorological  purposes  for  which  they  may  be  available.  The 
mode  and  extent  in  which  the  information  thus  obtained  may  be  most 
suitably  communicated  to  the  pubHc  are  not  yet  fully  determined,  but  are 
receiving  careful  consideration. 

Table  II.  (which  occupies  the  next  5  or  6  pages)  exhibits  the  annual 
variations  at  the  three  stations,  analogous  to  the  diurnal  variations  shown 
in  Table  I.  It  is  obvious  that  such  Tables  cannot  but  assist  greatly  in 
studying  the  climatological  phenomena  in  different  localities ;  but  a  dis- 
cussion of  them  would  be  premature  until  a  wider  observational  basis  is 
provided. 

*  It  was  the  purpose  of  the  Committee,  approTed  by  tho  Board  of  Trade,  that  there 
should  have  been  an  eighth  meteorological  station,  viz.  one  in  tho  north  of  Scotland. 
In  the  first  estimate  sent  to  the  Treasury  by  the  Board  of  Trade,  tlic  necessary  cost  of 
such  a  station  was  included ;  but  on  the  receipt  of  a  letter  from  tho  Treasury  to  tho 
Board  of  Trade,  June  5,  1867,  stating  that  "  in  the  estimates  for  the  current  year  lily 
Lorda  are  aware  that  they  haye  proposed  a  less  sum  than  had  been  estimated  for,  and 
intend  that  the  arrangements  to  be  made  by  the  Committee  should  be  curtailed  accord- 
ingly,"  the  metoorologioal  station  in  the  north  of  Scotland  was  in  consequence  curtailed. 
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XII.  "  On  the  Connexion  between  oppositely  disposed  Currents  of  Air 
and  the  Weather  auhsequently  experienced  in  the  British  Islands." 
By  RoBEBT  H.  Scott,  M.A.,  Director  of  the  Meteorological 
Office.  Communicated  by  the  President.  Received  June  17, 
1869. 

In  the  nnmber  of  the  'Proceedings  of  the  Meteorologica]  Society'  for 
Feliruary  1869,  there  is  a  paper  by  Mr.  Chnrles  Mcldrum,  of  the  Mauri- 
tius, oil  the  connexion  between  the  rotiition  of  the  wind  iu  the  Southern 
Indian  Ocean  and  the  positions  of  ojiposttcly  directed  air-currentE.  Itr 
this  paper  the  author  expresses  his  opinion  that  the  tropical  hurricanes 
of  tlie  Southern  Indian  Ocean  invariabltj  originate  between  two  opposite 
strenms  of  air. 

More  than  a  year  previous  to  tlie  appearance  of  Mr.  Meldrum's  paper 
my  own  attention  had  been  drawn  to  the  occurrence  in  these  islands  of 
some  remarkable  storms,  which  appeared  to  be  connected  with  the  previous 
existence  at  the  earth's  surfncc  of  the  two  wind-currents,  polar  and  equa- 
torial, in  close  prosimity  to  each  other. 

The  first  occasion  on  which  this  was  noticed  by  me  was  on  January  22, 
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1868,  when  the  atmospherical  conditions  over  these  islnudg  nere  very  re- 
markable ;  easterly  winds  were  prevalent  over  the  central  and  northern 
portions  of  the  area,  while  in  France  there  were  strong  westerly  gales. 
The  channela  of  the  carrenta  were  so  close  to  encli  other  that,  while  at 
Yarmouth  there  was  a  strong  easterly  wind,  there  was  a  westerly  gale  at 
Portsmouth.  The  contrast  exhibited  by  the  two  currents  as  regards  tem- 
perature was  very  marked,  and  a  dense  fog  was  ejiperienced  in  London. 
Barometrical  readings  were  very  low  over  the  region  which  separated  the 
districts  of  the  respective  currents.  Nest  day  pressure  rose  very  rapidly  j 
bat  this  was  only  the  precursor  of  an  equally  sudden  diminution  of  \ta 
amount,  oaA  of  the  advent  of  the  equatorial  current  which  swept  vrith 
great  violence  over  these  islands,  producing  a  very  serious  southerly  gale 
on  the  24lb  of  January. 

On  the  8th  of  December  last,  conditions  similar  to  those  of  January  22 
were  observed.  Strong  easterly  winds  were  reported  from  Scarborough, 
while  westeriy  winds  of  great  force  prevailed  iu  Che  Channel  and  in  France. 
This  state  of  things  was  succeeded,  after  an  interval  of  two  days,  by  a 
southerly  stoma,  the  whole  sequence  of  phenomena  resembling  very 
closely  what  had  been  noticed  eleven  montUa  before. 
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In  order  to  trace  out  this  remarkable  succession  of  occurrences,  it  was 
resolved  to  examine  all  the  cases  in  which  the  polar  and  equatorial  cur- 
jrents  made  their  appearance  at  the  surface  of  the  ground  within  the  area 
of  the  British  Islands,  and  to  record  the  phases  of  weather  which  ensued. 
As  these  currents  flow  in  opposite  directions,  it  is  evident  that  they  must 
move  in  channels  approximatively  parallel  to  each  other,  so  that  there  are 
only  two  cases  to  be  examined. 

I.  The  polar  current  flows  in  a  latitude  higher  than  the  equatorial 
current. 

II.  The  polar  current  flows  in  a  latitude  lower  than  the  equatorial 
current. 

The  daily  weather  reports  for  a  period  of  27  months  have  been  ex- 
amined, and  the  result  has  been  that  27  instances  of  case  I.  and  30  of 
case  II.  have  been  discovered. 

These  instances  are  all  enumerated  in  two  tables,  which  are  herewith 
submitted*. 

In  accordance  with  the  relation  between  the  motion  of  the  wind  and  the 
distribution  of  atmospherical  pressure  which  has  been  laid  down  by  Prof. 
Buys  Ballot,  viz.  that  barometrical  readings  are  lower  on  the  left-hand 
side  of  a  current  of  air  than  on  the  right,  we  should  expect  to  find  that  in 
case  I.  there  would  be  a  relative  barometrical  minimum,  and  in  case  II.  a 
relative  barometrical  maximum  between  the  currents.  This  supposition  is 
found  to  be  abundantly  confirmed  by  the  observations. 

As  regards  the  weather  subsequently  experienced,  Mr.  Meldrum  states 
that  when  the  two  currents,  the  N.W.  monsoon  and  S.E.  trade,  are  noticed 
simultaneously  over  the  Indian  Ocean,  the  channel  of  the  latter  lying  on 
the  southern  edge  of  that  of  the  former,  i,e,  in  a  latitude  higher  than  it, 
the  barometer  between  them  is  low  and  falling.  Ultimately  the  reduction 
of  pressure  becomes  greater  at  one  point  than  at  the  others,  and  a  centre 
of  barometrical  depression  is  formed,  resulting  eventually  in  a  cyclone. 

In  the  instances  which  form  the  subject  of  the  present  paper,  we  have 
not  been  able  to  trace  the  actual  genesis  of  a  storm  within  the  limits  of 
our  area  of  observation.  Most  of  our  storms  come  on  us  from  the  Atlantic, 
and  are  apparently  not  formed  in  the  immediate  district  from  which  our 
reports  are  derived.  The  result  of  the  investigation  appears,  however,  to 
show  that  whereas  the  conditions  of  case  I.  are  indicative  of  considerable 
atmospherical  disturbance,  those  of  case  II.  seem  to  show  that  winds  will 
probably  be  Ught  for  some  days. 

Case  I.  The  polar  current  flows  in  a  latitude  higher  than  the  equatorial 

current. 

In  other  words,  easterly  winds  prevail  in  the  north,  westerly  in  the 
south.     Northerly  and  southerly  winds  are  nearly  entirely  absent. 

Twenty-seven  instances  have  been  noticed  of  these  conditions,  and  they 

*  The  Tables  are  necessarily  so  condensed  that  they  would  hardly  be  intelligible  if 
printed  with  the  paper. 
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are  yeiy  generally  followed  after  a  brief  interval  by  a  serious  barometrical 
depression^  frequently  resulting  in  a  southerly  gale. 
In  12  instances  a  southerly  gale  followed  in  2  days. 

4        ff  19  „         „  o  days. 

6        99       fresh  southerly  winds,  not  a  gale,  followed. 

2        99      a  north-east  gale  followed. 

2        9,       a  southerly  gale  set  in  at  once. 

1  *    99      no  change  of  weather  ensued. 
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These  facts  appear  to  show  that  the  conditions  of  case  I.  indicate  a 
deep-seated  disturbance  of  the  atmosphere.  In  almost  every  case  they 
seem  to  point  to  the  existence,  or  at  least  the  formation,  of  a  barometrical 
minimum  over  the  Atlantic  Ocean,  which  will  probably  advance  to  our 
coasts  and  result  in  a  southerly  storm.  On  only  two  occasions  did  the 
centre  of  the  disturbance  pass  to  the  southward  of  these  islands,  viz. 
the  two  instances  in  which  the  north-easterly  gale  followed. 

Case  II.  The  polar  current  flows  in  a  latitude  lower  than  the  equatorial 
current. 

In  other  words,  easterly  winds  prevail  in  the  south,  westerly  in  the 
north. 

Thirty  instances  have  been  noticed. 

In  1 1  instances  no  change  of  weather  ensued. 


7        ,.^ 
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The  polar  current  completely  displaced  the  equatorial 
current  over  these  islands,  and  easterly  winds  set  in. 

This  displacement  was  only  partial,  and  north-westerly 
winds  set  in. 

Southerly  gales  or  fresh  southerly  winds  followed. 
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It  would  appear  from  the  foregoing  that  case  II.  is  not,  as  a  rule,  indi- 
cative of  the  approach  of  a  serious  atmospherical  disturbance,  although 
such  did  occur  in  five  instances  (one-sixth  of  the  total  number  under 
consideration).  In  the  great  predominance  of  instances  the  weather 
either  remained  unchanged  and  calm,  or  else  the  polar  current  succeeded 
in  displacing  the  equatorial  more  or  less  completely,  and  the  winds  which 
prevailed  over  these  islands  generally  were  from  points  between  N.W.  and  £. 

It  is  obvious  that,  from  the  very  limited  area  from  which  our  obser- 
vations are  derived,  we  are  at  present  unable  to  examine  into  the  mutual 
action  of  the  currents  on  each  other  (unaffected  by  any  influence  exerted 
on  the  wind  by  inequalities  in  the  earth's  surface,  such  as  those  produced 
by  an  irregular  coast-line  stretching  out  into  the  open  sea),  as  has  been 
done  by  Mr.  Meldrum  for  the  Indian  Ocean ;  but  it  is  hoped  that  this 
commencement  of  an  attempt  to  trace  a  connexion  between  successive 
conditions  of  weather  may  be  deemed  worthy  of  the  notice  of  the  Royal 
Society. 
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XIII.  "On  the  presence  of  Sulphocyauides  in  the  Blood  and  Urine. 
By  Arthur  Leared^  M.D.,  M.R.I.A.,  Sec.     Communicated  by 
C.  Handfield  Jones,  M.B.  Cantab.     Received  June  17, 1869. 

In  the  course  of  some  investigations  iuto  the  composition  and  uses  of 
saliva,  I  was  led  to  study  one  of  its  components,  sulphocyanide  of  potas- 
sium, in  relation  to  its  presence  and  action  in  the  system,  in  a  way  that 
has  not  hitherto  been  done. 

Treviranus,  in  1814,  discovered  that  saliva  became  reddened  by  a  per- 
salt  of  iron  in  solution ;  and  the  reaction  was  afterwards  stated  by  Tiede- 
mann  and  Gmcliu  to  be  due  to  the  presence  of  sulphocyanide  of  potas- 
sium*. A  strange  difference  of  opinion  has  nevertheless  prevailed  on  the 
subject.  Thus  the  reaction  has  been  supposed  to  be  caused  by  a  taint  of 
the  saliva  from  carious  teeth  ;  whilst  Bernard  states  that  he  found  it  took 
place  only  in  the  saliva  of  tobacco-smokers. 

It  is  unnecessary  to  produce  here  the  arguments  on  both  sides  of  the 
question ;  the  weight  of  authority  is  altogether  in  favour  of  the  existence 
of  the  salt  in  saliva.  By  some  of  those,  however,  who  have  admitted  that 
it  is  an  ingredient  of  the  secretion  it  has  been  regarded  as  a  curiosity 
rather  than  as  playing  any  part  in  the  economy. 

I  have  made  numerous  experiments  for  the  purpose  of  satisfying  myself 
as  to  the  constancy  with  which  a  sulphocyanide  exists  in  human  saliva. 
For  this  end  a  solution  containing  twenty  grains  of  perchloride  of  iron  in  an 
ounce  of  distilled  water  was  employed.  Such  a  solution  is  of  a  light- 
yellow  colour,  but  it  acts  better  than  the  paler  solution  of  the  persulphate 
of  iron.  The  mode  of  procedure  was  very  simple.  The  saliva  to  be  tested 
was  ejected  on  a  surface  of  white  porcelain,  or  upon  a  piece  of  white 
paper,  and  a  drop  of  the  test-solution  added.  The  colour  which  the  saliva 
assumed  was  compared  with  a  scale  of  four  shades  of  red  on  paper,  re- 
sembling those  produced  by  the  sulphocyanide  of  iron.  These  shades 
were  labelled  "very  marked,"  "marked,"  "faint,"  "a  trace,"  and  cor- 
responded approximately  with  the  colours  struck  by  iron  in  solutions  of 
sulphocyanide  of  potassium  of  the  relative  strength  of  -^^,  ^j,  |^,  y^  of 
a  grain  to  the  ounce  of  distilled  water. 

Such  a  scale  is  appended  herewith.  An  examination  of  the  saliva  of 
fifty  persons  taken  consecutively,  half  being  males  and  half  females,  and  of 
ages  ranging  from  under  one  year  to  G5  years,  gave  the  following  results  :  — 

Very  marked.      Marked. 

25  Males     0  17 

25  Females. ...    1  10 

As  regards  the  influence  of  age  and  other  practical  point?,  the  numbers 

*  Rechorchcs  exp^rimentales,  Pliysiologiques  et  Chiiuiqiies  sur  lu  Digestion.     Paris, 
1827. 


aint. 

A  trace. 

Koiie. 

4 

6 

1 

8 

2 
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are  imiafficient  for  the  deduction  of  trustworthy  results.  Some  points, 
however,  which  it  is  unnecessary  to  prove  hy  tahuktion,  were  well  borne 
out»  and  these  are  sufficient  for  the  present  purpose. 

It  was  established  that  in  the  saliva  of  the  great  majority  of  persons  a 
red  colour  is  struck  with  perchloride  of  iron. 

It  was  ascertained  that  the  existence  of  carious  teeth  is  not  requisite 
for  the  production  of  this  reaction,  because  it  occurred  in  many  instances 
in  which  all  the  teeth  were  sound. 

It  was  further  ascertained  that  tobacco-smoking  was  not  indispensable, 
because  the  colour  was  produced  in  many  cases  in  which  the  individual 
never  used  tobacco. 

It  was  also  remarked  that  in  all  the  cases  in  which  the  absence  of  the 
sulpho-cyanide  was  noted,  although  no  definite  disease  was  apparent,  the 
health  was  feeble,  and  that,  on  the  other  hand,  a  marked  reaction  with 
iron  usually  corresponded  with  the  ordinary  indications  of  sound  health. 
To  this  subject  I  shall  afterwards  have  occasion  to  return.  It  is  probable 
that,  by  means  of  evaporation,  a  sulphocyanide  would  in  every  instance 
have  been  detected  in  the  saliva.  But  for  practical  purposes  it  is  assumed 
that  when  not  discovered  by  the  means  described,  it  is  not  present. 

The  particular  base  combined  with  the  sulphocyanic  acid  in  human  saliva 
is  a  matter  of  little  importance.  It  has  lately  been  stated  that  it  is  not 
potassium,  but  sodium,  which  was  long  ago  mentioned  by  Tiedemann  and 
Grmelin  as  taking  the  place  of  potassium  in  the  saliva  of  sheep. 

The  soluble  sulphocyanide  which  exists  in  the  saliva  cannot  be 
regarded  as  an  excretion,  because  it  passes  with  the  saliva  into  the 
stomach.  Whatever  its  use  or  its  ultimate  destination,  it  seemed  probable 
that  a  salt  of  so  stable  a  nature  was  not  decomposed  in  its  passage  through 
the  system.     This  suggested  that  I  should  look  for  it  in  the  urine. 

Iron,  as  is  well  known,  yields  a  very  characteristic  test  of  the  presence 
of  sulphocyanides.  One  compound  only  which  it  forms,  namely,  that 
with  meconic  acid,  is  at  all  likely  to  be  confounded  with  the  sulpho- 
cyanide of  iron.  The  great  sensitiveness  of  this  test  also  makes  it  pecu- 
liarly adapted  for  quantitative  analysis,  by  means  of  colour. 

I  found  in  my  first  experiments  that  when  the  urine  of  a  person  in 
whose  saliva  a  sulphocyanide  was  abundant,  was  concentrated  by  evapora- 
tion, a  reddish-brown  colour  was  caused  by  the  addition  of  perchloride  of 
iron.  But  owing  to  the  dark  colour  assumed  by  the  concentrated  urine, 
and  the  mode  in  which  precipitation  occurred,  no  reliance  could  be  placed 
on  this  as  a  proof  of  the  presence  of  a  sulphocyanide  in  the  urine.  The 
step  which  then  suggested  itself  was  to  decolorize  the  urine  by  means  of 
animal  charcoal.  But  it  turned  out,  when  this  was  effected,  that  the 
colourless  liquid  gave  no  reaction  with  the  persalt  of  iron.  The  following 
experiment  was  then  tried : — 

A  solution  of  one  grain  of  sulphocyanide  of  potassium  in  an  ounce  of 
VOL.  xviii.  c 
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distilled  water  was  filtered  through  animal  charcoal.     The  filtrate  was 
tested  with  the  iron  solution.    There  was  no  reaction  whatever. 

It  was  plain  from  this  that  animal  charcoal  possesses  the  power  either 
of  separating  sulphocyanides  from  their  solutions  or  of  decomposing  them. 
Various  other  methods  for  separating  the  colouring-matter  were  now 
tried  with  more  or  less  success.  The  most  perfect  of  these^  as  r^;arda 
the  removal  of  colour,  was  the  addition  of  a  solution  of  sub-acetate  of 
lead.  But  the  use  of  this  solution  is  open  to  the  objection  that  acetate  of 
iron,  which  is  formed  in  testing  for  sulphocjanic  acid,  is  itself  red.  It  is 
true  that  the  colour  is  not  so  intense  as  that  which  was  actually  formed  in 
most  cases ;  and  it  was  possible  in  estimating  the  amount  of  the  essential 
colouring-agent  present  by  an  easy  application  of  the  colour-test  to  deduct 
the  amount  of  colour  due  to  the  acetate  of  iron. 

A  modification  of  the  method  employed  by  Professor  Harley  for  sepa- 
rating the  colouring-matter  of  the  urine,  for  the  purpose  of  obtaining 
urohsematin,  proved  on  the  whole  the  best.  It  consists  in  evaporating  the 
urine  in  a  water-bath  to  the  consistence  of  thick  syrup,  treating  with  alcohol^ 
and  adding  gradually  milk  of  lime.  The  filtrate  from  this  mixture  was 
found  to  be  of  a  light-yellow  colour,  closely  resembling  that  of  the  iron 
solution.  The  ferric  solution  was  added  to  this  filtrate  so  long  as  pre- 
cipitation of  oxide  of  iron  occurred.  The  Hquid  now  assumed  a  reddish 
colour,  varying  in  depth  according  to  circumstances.  The  mixture  was 
then  filtered ;  but  it  generally  happened  that,  after  standing  some  hQurs, 
a  second  filtration  was  necessary. 

The  coloured  fluid  obtained  by  either  of  these  methods  from  evaporated 
urine  is  of  a  bright  red  colour,  exactly  resembling  that  formed  by  an 
aqueous  solution  of  sulphocyanide  of  potassium  with  perchloride  of  iron. 
In  some  respects  the  two  solutions  did  not  exactly  agree. 
The  colour  of  an  aqueous  solution  of  sulphocyanide  of  iron  is  only 
affected  by  mineral  acids  when  in  considerable  excess.  But  the  colour 
formed  with  iron  in  evaporated  urine  is  easily  destroyed  by  these  acids. 

The  colour  of  the  pure  solution  is  removed  by  perchloride  of  mercury, 
while  that  of  the  organic  solution  is  not  affected  by  the  mercurial  solution* 
It  is  well  known  that  in  certain  cases  the  presence  of  organic  matter  in 
solution  greatly  modifies  chemical  action.  The  action  of  acids  in  ths 
present  instance  was  a  question  of  degree.  The  colour  was  removed  from 
the  urinary  solution  by  a  small  quantity  of  a  mineral  acid,  and  it  was 
removed  or  impaired  in  case  of  a  pure  solution  by  a  greater  quantity  of 
acid. 

The  following  observation  throws  light  upon  the  action  of  perchloride 
of  mercury  in  the  respective  solutions. 

Perchloride  of  mercury  at  once  destroys  the  colour  of  an  aqueous  solu- 
tion of  sulphocyanide  of  iron.  But,  as  I  have  ascertained,  if  the  solution 
has  been  previously  boiled  (and  boiling  was  employed  in  the  case  of  the 
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urinary  iolatioiui)^  the  red  colour  is  no  longer  destroyed  by  the  mercurial 
■oltttion. 

Since»  then,  these  difficulties  are  capable  of  removal,  the  argument  by 
the  method  of  exclusion  in  favour  of  the  red  colour  being  due  to  sulpho- 
cyanide  of  iron  appears  conclusive.  There  is  in  fact  no  other  source  from 
which  the  red  colour  could  proceed  in  the  process  by  which  the  urine  waa 
decolorised  by  milk  of  lime. 

Some  salt  of  sulphocyanic  add  must,  then,  be  admitted  to  be  a  com- 
ponent of  the  urine. 

For  the  detection  of  the  salt  it  is  only  necessary  to  evaporate  eight 
ounces  of  urine  in  a  water-bath.  If  milk  of  Ume  be  employed  as  the 
decolorizing  agent  which,  for  reasons  already  stated,  is  to  be  preferred, 
the  urine  should  be  concentrated  to  a  thick  syrup. 

In  the  present  stage  of  my  inquiries  many  detidls  are  purposely  omitted, 
particularly  those  which  refer  to  the  quantitative  determination  of  the 
sulphocyanide  in  many  different  samples  of  urine.  I  may  mention,  how- 
ever, that  I  found  the  average  quantity  present  in  healthy  urine  to  amount 
to  about  ^  of  a  grain  in  sixteen  ounces. 

Since^  then,  a  sylphocyanide  was  found  in  the  urine,  and  was  previously 
known  to  exist  in  saliva,  it  was  natural  to  look  for  it  in  other  secretions. 
It  was  therefore  sought  for  in  a  large  quantity  of  cow's  milk,  and  in  two 
ounces  of  human  sweat,  but  with  negative  results. 

Two  ounces  of  pure  pus  from  a  cyst  on  a  man's  back  were  also  ex- 
amined, but  no  sulphocyanide  was  found. 

But  as  sulphocyanic  acid  was  proved  to  exist  in  a  secretion  from  which 
it  may  be  presumed  to  enter  the  blood,  and  also  in  an  excretion  derived 
from  the  blood,  it  was  to  be  expected  that  it  would  be  found  in  the  blood 
itself. 

The  blood  operated  on  was  in  every  instance  diluted  with  an  equal  part 
of  distilled  water.  The  mixture  was  then  evaporated  in  a  water-bath 
until  the  red  colour  was  altogether  lost,  and  brown  coagula,  with  appa- 
rently little  fluid,  remained.  The  mass  was  strained  through  muslin  by 
pressure  of  the  fingers.  The  filtrate  was  then  decolorized  by  one  of  the 
processes  already  described.  Briefly  stated,  then,  it  was  found  that  a 
sulpho-cyanide  exists  in  the  blood  of  man,  and  in  that  of  the  pig,  fowl, 
torbot,  salmon,  and  toad. 

I  also  found  that  when  the  serum  of  pig's  blood,  procured  as  free  from 
colour  as  possible  and  diluted  with  an  equal  portion  of  water,  to  prevent 
complete  coagulation,  was  treated  with  a  solution  of  perchloride  of  iron,  it 
became  red  in  a  marked  degree.  This  result  has  a  special  interest,  because 
it  was  obtained  without  any  previous  chemical  manipulation,  and  the  pre- 
sence of  a  sulphocyanide  was  thereby  proved.  And  this  curious  circum- 
stance was  abo  ascertained.  If  a  few  drops  of  a  weak  solution  of  sulpho- 
cyanide of  potassium  be  mixed  with  this  reddened  and  diluted  serum,  and 
the  iron  solution  is  again  added,  no  increase  of  colour  is  produced.    This 
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shows  that  while  the  sulphocyanide  natorallj  present  in  the  serum  is 
capable  of  combining  with  added  iron,  the  serum  possesses  the  power  of 
preventing  the  formation  of  sulphocjanide  of  iron  when  both  compounds 
are  added  and  intermixed  with  it. 

An  analogous  masking  of  chemical  action  is  described  by  Bernard. 
He  found  that  when  a  solution  of  lactate  of  iron  is  mixed  with  serum,  and 
a  solution  of  cyanide  of  potassium  is  then  added,  prussian  blue  is  not 
formed,  as  would  be  the  case  if  the  solutions  were  mixed  in  water  instead 
of  serum. 

I  have  not  been  able  to  decide  positively  whether  the  sulphocyanide  is 
or  is  not  confined  to  the  serum.  Analysis,  after  combustion,  is  unsuitable, 
because  sulphocyanides  are  formed  in  the  combustion  of  organic  matter. 
But  so  far  as  I  have  been  able  to  determine  from  the  maceration  of  the 
clot  in  water,  the  sulphocyanides  exist  only  in  the  serum. 

The  foregoing  facts  point  either  to  the  presence  of  free  sulphocyanic 
acid,  or  ofsulphocyanide  of  potassium,  or  sodium,  or  of  both,  in  the  serum 
of  the  blood.  This  leads  to  the  consideration  of  that  much- vexed  question, 
the  cause  of  the  red  colour  of  the  blood.  So  far  as  concerns  exact  colour, 
nothing  more  closely  resembles  blood  than  a  solution  of  sulphocyanide  of 
iron.  This  is  primd  facie  evidence  that  red  blood  owes  its  colour  to  the 
iron  compound.  The  iron  is  known  to  be  localized  in  the  globules.  These 
are  surrounded  by  a  fluid  containing  sulphocyauic  acid  in  a  combination 
which  easily  yields  the  acid  when  required.  Such  is  the  theory  at  present 
suggested. 

I  am  not  unaware  of  the  difficulties  in  the  way  of  its  acceptance.  The 
colour  of  hsematin  cannot,  it  is  said,  depend  upon  the  iron  it  contains, 
because  nearly  the  whole  of  the  iron  may  be  removed  without  affecting 
the  colour  of  the  hsematin*.  But  it  is  not  stated  that  all  the  iron  is  ever 
removed,  and  it  may  be  that  a  very  small  proportion  suffices  for  the  formation 
of  the  colour,  while  the  larger  proportion  of  the  metal  is  held  in  reserve  in 
the  globules  in  the  same  manner  as  sulphocyanic  acid  appears  to  be  in  the 
serum. 

Having  found  a  sulphocyanide  in  the  blood,  it  next  occurred  to  me  to 
look  for  it  in  the  eggs  of  birds.  It  is  natural  to  suppose  that,  since  in  the 
process  of  incubation  red  blood  is  formed,  its  assumed  elements  of  colour 
would  be  found  in  the  egg  before  incubation.  This  supposition  proved 
correct.  Fortunately  the  albumen  of  the  hen's  egg  affords  a  ready  means 
of  research.  It  is  only  necessary  to  mix  it  with  an  equal  quantity  of  dis- 
tilled water,  by  which  complete  coagulation  by  the  iron  solution  is  prevented. 
The  albumen  of  a  hen's  egg  weighs  about  300  grains,  and  this  quantity  was 
found  to  contain  ^  of  a  grain  of  sulphocyanic  acid.  The  yolk  was  inti- 
mately mixed  with  water,  then  evaporated  to  dryness  in  the  water-bath, 
and  extracted  with  alcohol ;  but  no  trace  of  the  salt  could  be  detected.  It 
is  probable,  therefore,  that  the  sulphocyanide  exists  exclusively  in  the 
*  Elements  of  Chemistry.    By  W.  Miller,  M.D.,  3rd  edit.  p.  872. 
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albumen,  which,  as  the  process  of  vivification  proceeds,  enters  into  com- 
bination with  iron,  which  originally  exists  in  the  jolk. 

The  presence  of  a  sulphocjanide  in  saliya  must  be  referred  to  one  of 
two  sources.  It  is  either  an  exclusive  product  of  the  secretion  itself,  or  it 
previously  exists  in  the  blood  and  is  extracted  from  it  as  a  component  of 
the  saliva.  The  amount  of  sulphocjanide  found  in  different  analyses 
varies  greatly ;  my  own  results  show  only  about  half  a  grain  in  twenty 
ounces  of  saliva  from  a  healthy  subject.  This  nearly  agrees  with  the 
observations  of  Bidder  and  Schmidt.  Wright  makes  the  quantity  very 
much  greater.  If  we  take  the  estimate  at  only  half  a  grain  in  twenty 
ounces  of  saliva,  and  reckon  this  to  be  the  quantity  of  the  secretion  swallowed 
in  twenty-four  hours,  the  salt  might  be  probably  found  in  the  blood  and 
m  the  urine. 

If,  however,  my  experiments  have  been  rightly  interpreted,  it  is  certain 
that  sulphocyanide  of  potassium  or  sodium  is  not  a  mere  product  of  the 
salivaty  glands.  We  have  seen  that  it  is  found  in  the  blood  of  all  orders 
of  vertebrate  animals,  and  we  know  that  fish  do  not  possess  salivary  organs. 
Assuming  that  it  is  extracted  out  of  the  blood,  what  is  its  use  in  the  saliva  ? 

Considering  its  composition,  it  seemed  possible  that  it  acted  either  as  an 
antiseptic  or  else  as  an  agent  which  prevented  fermentation  in  the  ali- 
mentary canal,  and  thus  indirectly  aided  digestion. 

The  conditions  which  favour  the  fermentation  of  saccharine  matter, 
namely,  acidity  and  the  proper  temperature,  are  constantly  present  in  the 
stomach.  Is  sulphocyanide  of  potassium  in  saliva  destined  to  check 
this  fermentation,  which,  under  favourable  circumstances,  may  occur  in 
less  than  an  hour  ? 

Carefully  conducted  experiments  proved  that  it  neither  possesses  the 
power  of  preventing  ordinary  fermentation  nor  that  of  checking  it  when 
already  in  action. 

We  shall  now  see  what  is  its  action  in  preventing  putrefaction.  Two 
equal  portions  of  roast  mutton  were  placed,  the  one  in  water,  and  the 
other  in  the  same  quantity  of  a  solution  of  sulphocyanide  of  potassium  of 
the  strength  of  1  grain  of  the  salt  to  1  ounce  of  water.  After  some 
weeks  the  meat  which  had  lain  in  water  was  found  to  be  broken  up  into 
shreds,  and  was  quite  putrid;  that  in  the  sulphocyanide  solution  was 
merely  softened,  and  had  a  sour  smell,  but  was  not  putrid. 

Snlphocyanide  of  potassium,  therefore,  possesses  an  antiseptic  power ; 
but  whether  or  not  this  property  comes  into  operation  in  the  alimentary 
canal  is  a  question  I  cannot  now  decide. 

I  have  made  many  quantitative  analyses  to  determine  the  amount  of 
sulphocyanide  eliminated  with  the  urine  in  various  diseases,  including 
typhus,  typhoid,  and  scarlet  fever. 

Not  to  enter  into  details  at  present,  it  will  be  sufficient  to  state  what 
the  results  |howed  with  much  uniformity.  In  all  diseases  in  which  wast- 
ing of  the   body  was  marked,  the  excretion  in  the  urine  of  a  sulpho- 
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cyanide,  in  common  with  some  other  sabstanc^s^  was  unusually  great. 
This  increase  of  it  in  the  urine  was  found  to  correspond  with  its  decrease 
in,  or  more  frequently  its  disappearance  from,  the  saliva.  This  circum- 
stance goes  to  prove  that  the  salt  is  not  formed  by  the  saliva,  but  is  an 
ingredient  of  the  blood  itself. 

XrV.  "  On  some  Elementary  Principles  in  Animal  Mechanics/' — 
No.  II.  By  the  Rev.  Samuel  Haughton,  M.D.  Dublin, 
D.CL.  Oxon.,  Fellow  of  Trinity  College,  Dublin.  Received 
June  14,  1869. 

In  a  former  communication  to  the  Royal  Society  on  this  subject  (Pro* 
ceedings,  20th  June  1867)9 1  endeavoured  to  establish  the  two  following 
principles : — 

I.  That  the  force  of  a  tnueele  is  proportional  to  the  area  of  its  cross 
section. 

XL  That  the  force  of  a  muscle  is  proportional  to  the  cross  section  of 
the  tendon  that  conveys  its  influence  to  a  distant  point. 

The  first  of  these  principles  is  true  under  all  circumstances^  but  the 
second  requires  to  be  modified  somewhat  in  its  statement.  If  the  condi- 
tions as  to  friction  of  the  tendons  that  convey  the  action  of  the  muscles  to 
a  distant  point  be  the  same,  then  the  force  of  the  muscles  will  be  propor- 
tional to  the  cross  sections  of  the  tendons ;  but  if  the  tendons  be  sub- 
jected to  different  amounts  of  friction,  then  the  areas  of  their  cross  sec* 
tions  will  cease  to  be  proportional  to  the  forces  of  the  muscles,  as  represented 
by  the  areas  of  their  cross  sections. 

In  my  former  paper  (No.  I.),  I  selected,  in  illustration  of  principle  II., 
the  long  flexor  tendons  of  the  toes  of  the  Rhea  and  other  struthious  birds, 
and  showed  that  the  cross  sections  of  the  muscles  and  tendons  bore,  ap- 
proximately, a  constant  ratio  to  each  other.  Now,  in  the  Struthionida,  the 
conditions  as  to  friction  of  the  long  flexor  tendons  of  the  toes  are  similar 
although  different  in  each  species,  and  hence  it  was  easy  to  prove  that 
the  ratios  of  the  cross  sections  of  the  muscles  and  tendons  were  nearly 
constant. 

When,  however,  muscles  and  tendons,  variously  conditioned  as  to  fric- 
tion, are  compared  together,  the  constancy  of  the  ratio  of  their  cross  sec- 
tions disappears,  and  undergoes  a  variation  depending  on  the  friction  to 
which  both  muscles  and  tendons  are  exposed. 

In  order  to  ascertain  the  proportion  of  the  cross  section  (or  force)  of  a 
muscle  to  the  cross  section  (or  strength)  of  its  tendon  in  the  human 
subject,  I  made  the  following  observations  on  the  right  arm  and  hand  of  a 
well-developed  male  subject  in  the  Royal  College  of  Surgeons  in  Irelandy 
in  March  1868. 

I  first  ascertained  the  specific  gravities  of  the  muscles  and  tendons,  with 
the  following  results : — 
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Mueeles. 

Sp.gr. 

Biceps  humeri  (Jong  head) 1*050 

Biceps  humeri 1*054 

BrachiaUs 1*053 

Mean 1*0523 

Tendone, 

Scapular  tendon  of  biceps    1*112 

Badial  tendon  of  biceps    1*119 

Mean 11155 

From  these  specific  gravities  it  was  easy  to  determine  the  cross  section 
of  either  muscles  or  tendons,  by  weighing  a  known  length  of  either  one 
or  other.     In  this  manner  the  following  Table  was  constructed : — 

Cfraee  sections  of  Muscles  and  Tendons  in  an  Adult  Human  Male  Subject, 

and  Ratios  of  same. 


Name  of  muscle. 

Croes  section  of 

muscle,  in 
square  inches. 

Cross  section  of 

tendon,  in 
square  inches. 

Batio  of  cross 
section  of  muscle 
to  that  of  tendon. 

1 .  Birwm  b"m*»ri 

0*895 
0*148 
0584 
0*405 

0379 
0*228 

0*234 

0*212 

0*618 

0768 

0*223 

0*182 

0*0317 
0*0050 
0*0223 
0*0220 
0*0212 
0*0145 
0*0155 
0*0199 
0*0665 
0*0928 
0*0289 
0*0254 

28*2 
26*4 
26*2 
i8*4 
i8'o 

157 
15*1 

10*7 

9*3 

8-3 

77 
7-2 

2.  PalmariB  longus 

3.  Ext.  carp.  rad.  longr 

4.  Ext  carp.  rad.  brerr 

5.  Biceps  humeri  (longhead) 

6.  PI.  poll,  loninu  

7.  Fl.  carp,  rad 

R  TCrt- carp  nln 

9.  FL  dig.  subl 

10.  PL  dig.  prof.  

11.  Ext.  ofls.  met.  doU 

12.  FL  carp,  uln 

From  the  preceding  Table,  it  appears  that  the  ratio  of  the  cross  section 
of  the  mnscles  to  that  of  the  tendons  may  range  from  7  to  28,  or  be  four 
times  greater  in  one  case  than  another.  We  may  also  see  in  general,  that 
the  tendons  exposed  to  the  greatest  amount  of  friction  have  the  smallest 
coefficients  of  cross  section.  Thus  the  radial  tendon  of  the  biceps  has  a 
coefficient  of  28  2,  while  the  scapular  tendon,  which  undergoes  the  friction 
of  passing  over  the  head  of  the  humerus,  has  a  coefficient  of  18*0.  Again, 
the  Ext,  OSS,  met.  poll.,  whose  tendon  winds  round  the  radius,  and  has  the 
duty  imposed  upon  it  of  binding  down  the  tendons  of  the  radial  extensors 
of  the  wrist,  has  the  coefficient  of  7' 7,  as  compared  with  26*2  and  18*4, 
the  coefficients  of  the  comparatively  free  tendons  of  these  extensors. 

As  it  might  be  objected  that  the  relative  cross  sections  of  muscle  and 
tendon,  in  a  human  subject  that  died  a  natural  death,  might  be  exceptional 
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in  character,  from  wasting  during  the  last  illness,  I  determined  to  test  the 
question  hy  experiment,  and  accordingly  selected  a  fine  Pjrenean  Mastiff 
for  the  purpose,  which  I  killed  hy  strychnia,  and  dissected  immediately 
after  death,  with  the  following  results,  which  were  obtained,  as  before,  by 
noting  the  specific  gravities  of  the  muscles  and  tendons,  and  by  weighing 
a  measured  length  of  each  : — 

Cross  sections  of  Muscles  and  Tendons  in  a  Pyrenean  Mastiffs  and  ratios 

of  same. 


Name  of  muscle. 


1.  Gastrocnemius 

2.  Fl.  carp.  rad.  . 

3.  Fl.  dig.  long.  . 

4.  Ext.  carp.  rad.. 
6.  Fl.  carp.  uln.  . 

6.  Fl.  hall  long. . 

7.  Biceps  humeri . 

8.  Fl.  dig.  subl.    . 

9.  Fl.  dig.  prof.    . 
10.  Ext.  carp.  uln. 


Cross  section  of 

Cross  section  of 

Batio  of  cross 

muscle,  in 

tendon,  in 

section  of  muscle 

square  inches. 

square  inches. 

to  that  of  tendon. 

2*631 

0*0520 

50*6 

0*283 

0*0059 

48*0 

0-I9S 

0*0045 

43*3 

0*632 

0*0160 

395 

0*176 

0*0056 

31-4 

0680 

0*0228 

29*8 

0*909 

00449 

20'2 

0*319 

0*0251 

12*7 

0*902 

0*0830 

10*9 

o*i8i 

0*0197 

9*2 

These  results,  obtained  from  measurements  made  upon  a  freshly  killed 
animal,  confirm  those  found  from  observation  of  the  human  subject,  and 
prove  that  the  ratio  of  the  cross  section  of  the  muscle  to  that  of  its  tendon 
depends  upon  the  amount  of  friction  experienced  by  the  latter,  the  co- 
efficient being  greater  in  proportion  as  the  friction  is  less. 

The  following  observations,  made  upon  a  Wallaby  Kangaroo,  confirm  in 
a  general  way  the  preceding  results : — 

Cross  sections  of  Muscles  and  Tendons  in  a  Wallaby  Kangaroo^  and  ratios 

of  same. 


Name  of  muscle. 

Cross  section  of 

muscle,  in 
square  inches. 

Cross  sect  ion  of 

tendon,  in 
sq  uare  inches. 

Ratio  of  cross 
section  of  muscle 
to  that  of  tendon. 

1.  Gkwtrocncmius 

1-313 
0354 

0.0356 
0*0246 

369 
14*4 

2.  Fl.  long,  dig 

It  appears  from  the  preceding  investigation  that  the  cross  section  of  a 
muscle  does  not  bear  a  constant  ratio  to  the  cross  section  of  its  tendon, 
unless  the  friction  experienced  by  the  muscle  and  tendon  be  also  constant, 
and  that  there  may  even  be  a  surplusage  of  strength  in  the  tendon  beyond 
what  is  absolutely  necessary  to  resist  the  combined  force  of  the  muscle  and 
friction.  This  surplusage,  however,  cannot  be  supposed  to  be  large,  if  the 
principle  of  economy  of  material  in  nature  be  admitted. 
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XV.  "  Besearches  on  the  Hydrocarbons  of  the  series  C^  Han+a. 
— No.  V.  On  Octyl  compounds.^'  By  C.  Schorlemmer. 
Communicated  by  Prof.  Stokes^  Sec.  R.S.  Received  June 
17,  1869. 

After  I  had  found  that  the  octylalcohol  obtained  by  distilling  castor 
oil  with  caustic  soda^  is  methyl-hexyl  carbinol,  or  a  secondary  alcohol*^ 
it  appeared  to  me  of  great  interest  to  study  the  chemical  structure  of  those 
alcohols  which  can  be  obtained  from  the  different  hydrocarbons  of  the 
formula  C^  H^g,  the  more  so  as  Cahours  and  Pelouze  assert  that  the  deri- 
Tatires  of  the  octane  contained  in  petroleum  are  identical  with  those  derived 
from  the  castor-oil  alcoholf^  a  statement  which  was  afterwards  confirmed 
by  Chapman  %, 

The  hydrocarbons  which  1  used  for  my  experiments  were  hydride  of 
octyly  or  octane  from  petroleum,  and  the  hydrocarbon  of  the  same  com- 
position, which  I  obtained  by  acting  upon  iso-octyl  iodide  with  zinc  and 
hydrochloric  acid.  The  two  hydrocarbons,  as  well  as  their  derivatives, 
resemble  each  other  in  their  physical  properties  so  much,  that  one  would 
be  inclined  to  consider  them  as  identical ;  their  chemical  properties,  how- 
ever, prove  that  they  are  only  isomeric. 

(I)  Derivatives  of  Octane  from  Petroleum. 

The  boiling-point  of  this  hydrocarbon  is  given  differently  by  different 
observers  between  116°  and  120°;  according  to  my  latest  researches,  it 
appears  to  boil  a  few  degrees  higher.  After  fractionating  it  for  a  very 
long  time,  the  greater  portion  was  found  to  boil  between  120°  and  125°; 
it  was  now  heated  with  nitric  acid  and  again  fractionated  over  sodium.  A 
considerable  portion  distilled  now  at  119°- 1 22°,  but  by  far  the  largest 
quantity  at  122°- 1 25°.  From  this  latter  portion  I  prepared  the  octyl- 
chloride,  a  colourless  liquid,  which  smells  like  oranges,  and  boils  at  1 73°- 
176°.  This  chloride  was  heated  up  to  200°  for  several  hours  with  con- 
centrated acetic  acid  and  potassium  acetate.  It  was  thus  completely  de- 
composed ;  the  chief  product  of  the  reaction  consisted  of  octylene,  besides 
that  a  much  smaller  quantity  of  octyl-acetate  had  been  formed.  This 
ether  is  a  colourless  liquid,  boiling  at  200°->205°,  and  having  a  pleasant 
pear-like  odour.  It  was  converted  into  octyl-alcohol  by  heating  it  with 
an  alcoholic  solution  of  caustic  potash.  This  alcohol,  after  being  puriGed 
by  washing  it  several  times  with  water,  and  drying  over  fused  potassium 
carbonate,  was  obtained  as  a  colourless  oily  liquid,  boiling  at  180°- 1 82°, 
and  possessing  exactly  the  odour  of  methyl-hexyl  carbinol. 

The  alcohol  was  oxidized  by  mixing  it  slowly  with  a  cold  solution  of 
2  parts  of  .potassium  dichromate  and  3  parts  of  sulphuric  acid  in  1 0  parts 
of  water,  care  being  taken  to  avoid  as  much  as  possible  any  elevation  of 

♦  Proc.  Eoy.  Soc.  vol.  xvi.  p.  376.  t  Ann.  Chem.  Phys.  4  ser.  vol.  i.  p.  53. 

X  Jonm.  Qiem.  Soc.  N.  S.  vol.  iii.  p.  29C. 
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temperature  during  the  reaction.  As  soon  as  a  permanent  brownish  tinge 
showed  that  a  slight  excess  of  chromic  acid  was  present,  no  more  of  the 
oudising  mixture  was  added.  The  liquid  was  shaken  "from  time  to  time, 
and  distilled  after  a  few  hours.  The  acid  distillate  was  neutralized  with 
sodium  carbonate;  only  a  small  quantity  of  an  acid  was  formed;  the 
chief  oxidation -product  consisted  of  a  neutral  oil,  haying  the  odour  of 
methyl-oeuantholy  and,  like  this  compound,  it  formed  with  hydrogen- 
sodium  sulphite  a  crystalline  compound.  The  liquid  haying  no  constant 
boiling-point,  and  the  quantity  being  only  small,  I  did  not  analyze  it,  but 
oxidised  it  further  by  heating  it  with  the  chromic-acid  solution.  The  acid 
distillate  was  neutralized  with  sodium  carbonate,  the  solution  of  the  sodium 
salts  was  evaporated  and  distilled  with  diluted  sulphuric  acid.  An  oily 
acid,  distilled  over  the  residue  in  the  retort,  contained  a  large  quantity  of 
acetic  acid,  which  was  obtained  pure  by  several  distillations ;  from  it  sUver 
acetate  was  prepared  and  analyzed. 

0*3355  of  this  salt  contained  0*2160  silver. 

Calculated  for  C,  Kg  Ag  Oj.  Found. 

64'67  per  cent.  Ag.  64*38  per  cent. 

The  distillate,  which  contained  the  oily  acid,  was  neutralized  with  an 
excess  of  barium  carbonate,  boiled  and  filtered.  On  evaporation,  the 
barium  salt  separated  in  form  of  an  amorphous  skin ;  it  could  not  be  ob- 
tained in  the  crystalline  state ;  I  therefore  dissolved  it  again  in  more  water, 
and  precipitated  it  fractionally  with  silver  nitrate. 

1st  Precipitate  ..   0*1535  gave  0*0754  silver. 
2nd        „  ..   0*3718     „     0*1798      „ 

Oalculated  for  silver  caproate,  Found. 

OeHj.AgO,.  (1)  (2) 

48-43  per  cent.  Ag.  49*12        48*36. 

In  the  liquid,  from  which  the  second  precipitate  had  been  filtered  off,  a 
further  addition  of  silver  nitrate  did  not  give  any  more  precipitate.  On 
evaporating  it,  small  granular  crystals  separated,  the  analysis  of  which 
showed  that  they  consisted  of  impure  silver  acetate;  0*5540  contained 
0*3440  silver,  or  63*23  per  cent. 

Besides  caproic  and  acetic  acids,  a  small  quantity  of  an  acid  having  the 
composition  of  caprylic  acid  was  formed.  This  acid  was  precipitated 
probably  as  a  basic  salt,  together  with  the  excess  of  barium-carbonate, 
used  in  neutralizing  the  oily  acid ;  it  could  not  be  extracted  by  boiling 
water.  On  dissolving  the  mixture  of  barium-salt  in  diluted  nitric  acid, 
oily  drops  separated.  The  liquid  was  distilled,  the  distillate  neutralized 
with  ammonia  and  precipitated  with  silver  nitrate  in  two  fractions, 

1  St  Fraction  . .   0*1344  contained  0*0566  silver. 
2nd       „        ..  0*0465         „         0*0203     „ 
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Found. 


Oalcvilalied  for  0,  H„  AgO,  (I)  (2) 

43*02  per  cent/  Ag.  42*  1 1  per  cent.      43*87  per  cent. 

(2)  Derivatives  of  Octane  from  MethyUhexyl  CarbinoL 

The  alcohol  obtained  from  castor  oU  is  easily  conyerted  into  its  corre- 
■ponding  hydrocarbon  by  treating  it  first  with  iodine  and  phosphorus, 
and  acting  upon  the  iodide  thns  obtained  with  zinc  and  hydrochloric  acid, 

I  haye  already  described  this  hydrocarbon  in  a  former  communication ; 
it  boils  constantly  at  124°  C.  The  octyl-chloride  obtained  from  it  has 
only  a  faint  orange-like  smell;  it  boils  at  1 74^-1 76^  Heated  with  con- 
centrated acetic  acid  and  potassium-acetate  to  200°,  it  is  decomposed  after 
a  few  hours,  octyl-acetate  and  octylene  being  formed  in  about  equal  quan- 
tities,  whilst  the  chloride  obtained  ft'om  petroleum  gave  about  three  times 
more  octylene  than  acetate. 

This  acetate  boils  at  198°-202°,  and  has  the  same  pear-like  odour  as 
that  described  above.  The  alcohol  prepared  from  it  by  heating  it  with 
an  alcoholic  solution  of  caustic  potash,  had  no  constant  boiling-point ;  it 
distilled  between  180^  and  190°;  the  greatest  portion  between  182°  and 
186^ ;  its  odour  is  very  much  like  that  of  methyl-hexyl  carbinol.  As  I 
had  only  about  4  grammes,  I  could  not  subject  it  to  fractional  distillation. 
On  oxidizing  it  with  the  chromic-acid  solution,  the  greatest  care  was  taken 
to  avoid  rise  of  temperature,  the  solution  being  added  very  slowly  until  a 
permanent  brownish  colour  showed  that  a  slight  excess  of  chromic  acid 
was  present,  the  vessel  being  all  the  time  surrounded  by  cold  water.  In 
order  to  have  as  decisive  results  as  possible,  I  oxidised  at  the  same  time, 
and  under  exactly  the  same  circumstances,  4  grammes  of  methyl-hexyl 
carbinol.  The  liquids  were  allowed  to  remain  together  for  a  day,  and 
were  frequently  shaken,  then  distilled,  and  the  distillate  neutralized  with 
sodium  carbonate. 

The  two  results  differed  very  widely ;  methyl-hexyl  carbinol  was,  as  in 
my  former  experiments,  converted  into  methyl-oenanthol,  a  small  portion 
of  which  was  oxidised  further  to  acetic  and  caproic  acids.  The  caproic 
acid  was  separated  by  repeated  distillation  from  the  acetic  acid,  and  neu- 
tralized with  ammonia.  From  this  solution  I  purposed  to  prepare  silver 
salts  by  fractional  precipitation,  but  only  one  precipitate  was  obtained. 

0*1113  of  this  salt  contamed  0*0536  silver. 

G&lcolated  for  0^  "E^  Ag  Oj.  Found. 

48*43  per  cent.  Ag.  48*16  per  cent.  Ag. 

The  octylalcohol  from  the  pure  hydrocarbon  yielded  a  large  quantity  of 
an  oily  acid,  and  a  smaller  portion  of  a  neutral  oil,  but  not  a  trace  of  acetic 
acid.  The  oily  acid  has  the  composition  of  caprylic  acid ;  it  was  analyzed 
as  the  silver  salt,  which  was  obtained  by  fractional  precipitations. 

1st  PrecipiUte    . .   0*3500  contained  01 700  silver. 

2nd  „  ..   0*3090         „       0*1335     „ 
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Found. 


Calculated  for  Cg  H^  Ag  Oy  I.  11. 

43-02  per  cent.  42*86  per  cent.     43*20  per  cent. 

The  neutral  oil  had  quite  the  properties  of  an  acetone  ;  it  gave  a  crystal- 
line compound  with  hydrogen-sodium  sulphite,  and  was  not  changed  any 
further  hy  the  oxidising  mixture  in  the  cold ;  but  on  heating  them  together, 
oxidation  took  place  and  fatty  acids  were  formed,  which  appeared  to  be  a 
mixture  of  propionic  and  valerianic  acids ;  of  acetic  acid  not  a  trace  could 
be  detected. 

1st  Fraction  of  the  silver  salt    . .  O'l  325  gave  0*0675  silver. 
2nd  „  „  „        ..   0*2732    „     0*1385      „ 

3rd  „  „  ,,        ..   01562    „     00780     „ 

Calculated  for  Found. 


j» ^  ^     '  -^ 


Silver  yalerate.  Silver  caproate.  I.  11.         III. 

51*67  per  cent.  Ag.        48*43  per  cent.  Ag.         5094     50*69     500 

The  percentage  amount  of  silver  contained  in  these  salts  corresponds  better 
with  that  of  valerate  than  that  of  caproate ;  most  probably  a  little  caprylic 
acid  was  still  present,  which  caused  the  amount  of  silver  to  be  a  little  too 
small. 

The  solution  from  which  these  silver  salts  had  been  precipitated  gave 
on  evaporation  small  granular  crystals,  having  the  composition  of  silver 
propionate. 

0-1738  gave  0*1033  silver. 

Calculated  for  C3  H5  Ag  Oj.  Found. 

59*67  per  cent.  Ag.  59*43.  per  cent. 

From  the  results  of  my  experiments  I  draw  the  following  conclusions : — 

(1)  The  octyl  alcohol,  obtained  from  the  hydrocarbon  C^  H^^,  oc- 
curring in  American  petroleum,  consists  chiefly  of  methyl-hexyl  carbinol, 

CH      I 

p  n-    f  CH  OH,  and  is   therefore  identical  with  the  alcohol  obtained 

from  castor  oil.  Not  only  the  physical  properties  of  the  two  and  their 
derivatives  agree*,  but  also  their  oxidation  products  are  the  same ;  they 

CH      1 

both  give  methyl  oenanthol  or  methyl-hexyl  acetone,  ^  ^    }-  CO,  which, 

by  further  oxidation,  splits  up  into  acetic  and  caproic  acids. 

Besides  this  secondary  alcohol,  there  is  also  formed  a  smaller  quantity 
of  a  primary  alcohol,  as  amongst  the  products  of  oxidation  an  acid  con- 
taining eight  atoms  of  carbon  was  found. 

(2)  The  hydrocarbon,  C^  H,^,  which  is  formed  by  replacing  in  methyl- 
hexyl  carbinol  the  group  hydroxyl  HO  by  hydrogen,  is  diflTerent  from  that 

*  The  only  exception  is  the  boiling-point  of  the  acetate,  which  I  found  to  be  200**- 
205**,  whilst  that  from  castor  oil  boils,  according  to  Bouis,  at  193°. 
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found  in  petroleum.     It  gives,  by  the  proper  reactions,  a  considerable 

quantity  of  a  primary  alcohol,  and  a  smaller  quantity  of  a  secondary  one  ; 

the  latter  is  not  identical  with  methyl-hexyl  carbinol,  but  consists  most 

CHI 
probably  of  ethyl-amyl  carbinol,  q*  g*  [  CH  OH,  as,    on   oxidation,  it 

yields  Talerianic  and  propionic  acids. 

The  primary  alcohol  appears  to  dififer  from  the  primary  octyl  alcohol, 
which  has  been  found  lately  by  Zincke  in  the  seeds  of  Heracleum  spon- 
dylium*.  The  essential  oil  of  these  seeds  consists  chiefly  of  an  octyl 
acetate,  boiling  at  206^-208%  and  possessing  an  orange-like  smell,  whilst 
that  which  I  obtained  smells  strongly  of  pears,  and  boils  at  198°~202°. 
By  oxydising  his  alcohol,  Zincke  obtained  a  caprylic  acid,  which  solidified 
at  12°,  whilst  the  acid  which  I  got  remained  liquid  at  0°.  Zincke's 
alcohol  is  most  likely  the  normal  alcohol,  and  that  which  I  obtained  an 
alcohol  containing  the  group  isopropylf . 

(3)  On  acting  upon  the  hydrocarbons  of  the  series  CnH2ii+2  with  chlo- 
rine, a  mixture  of  primary  and  secondary  chlorides  is  formed.  This  is 
proved  by  the  fact  that  the  alcohols  derived  from  these  chlorides  yield,  on 
oxidation,  besides  an  acid  containing  the  same  number  of  atoms  of  carbon 
as  the  alcohol,  also  acetones,  or  the  characteristic  oxidation  products  of 
secondary  alcohols.  Not  only  the  above  researches  show  this,  but  also 
my  former  experiments  on  the  oxidation  of  amyl-alcohol  prepared  from 
the  hydride,  which  gave,  besides  valerianic  acid,  also  acetic  acid  and  the 
acetone,  C,  Hj^OJ. 

It  is  certainly  very  remarkable  that  the  hydrocarbon  from  petroleum 
yields  methyUhexyl  carbinol,  whilst  the  hydrocarbon  which  is  obtained 
from  methyl-hexyl  carbinol  is  not  reconverted  into  this  alcohol,  but  gives 
ethyl-amyl  carbinol,  and  besides  a  primary  alcohol. 

The  further  investigation  of  this  subject  is  certainly  of  the  highest  theo- 
retical interest ;  but  there  is  great  difficulty  in  pursuing  this  research,  as 
I  have  already  observed,  in  consequence  of  the  small  yield  of  pure  alcohol 
from  large  quantities  of  the  hydrocarbons. 


XVI.  "  On  the  Derivatives  of  Propane.'^  By  C.  Schorlemmer. 
Communicated  by  Prof.  Stokes^  Sec.B.S.  Received  June  17, 
1869. 

The  chief  product  obtained  by  the  action  of  chlorine  upon  propane 
consists,  as  I  have  already  stated  in  my  last  communication  §,  of  propylene 
dichloride;  besides  this  compound,  we  find  in  smaller  quantities  the 
normal  propyl  chloride  and  products  richer  in  chlorine,  which  boil  between 

*  Zeitschrifb  fiir  Chemie,  N.  P.  vol.  v.  p.  55. 

t  Proc.  Boy.  Soc,  vol.  r?i.  p.  379. 

X  Ibid.  p.  374.  §  Ibid.  No.  Ill,  1869. 
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lUO"^  and  200^  C.  To  obtain  the  latter  in  larger  quantities,  I  took  those 
portions  of  the  substitution-products  which  boiled  above  80^  and  passed 
chlorine  into  them  for  several  days,  having  them  exposed  to  direct  sun- 
light, as  in  diffused  light  hardly  any  action  took  place.  By  this  means  a 
liquid  was  obtained  which  boiled  between  120^  and  200^.  Subjected  to 
fractional  distillation,  the  greater  portion  boiled  between  15(Pand  16(^9 
but  it  was  found  impossbile  to  isolate  a  compound  having  a  constant  boiling- 
point.  The  reaction  of  this  liquid,  as  well  as  the  boiling*point  and  the 
analysis,  show  that  it  consists  of  trichlorhydrine,  G,  H,  GI3,  mixed  with 
higher  chlorinated  products. 

0*275  gave  0*8155  silver  chloride. 

Calculated  for  C3  Hg  CI3.  Found. 

72*20  per  cent.  CI.  73*34  per  cent. 

The  reaction  most  characteristic  of  trichlorhydrine  is  that,  on  heating  it 
with  caustic  potash,  it  decomposes  into  hydrochloric  acid  and  epidichlor- 
hydrine,  C,  H^Cl,,  a  liquid  which  boils  at  100^,  and  which  combines 
directly  with  bromine,  forming  the  compound  C,  H^  CI,  fir^  the  boiling- 
point  of  which  is  220°. 

On  heating  the  liquid,  boiling  between  150°  and  160°,  with  powdered 
caustic  potash,  a  violent  reaction  set  in,  and,  besides  water,  a  heavy  oil 
distilled  over,  which  possessed  the  somewhat  garlic-like  odour  of  epidi- 
chlorhydrine,  and  which  boiled  between  95°  and  105°.  The  higher  chlo* 
rinated  products  contained  in  the  original  liquid  were  destroyed  by  this 
reaction,  carbonaceous  matter  being  left  with  the  potassium  chloride  in 
the  retort.  To  the  impure  epidichlorydrine  thus  obtained  bromine  was 
added ;  this  combined  with  it  with  a  hissing  nobe  and  evolution  of  heat. 
On  distillation,  the  greater  portion  of  the  compound  boiled  at  200°'-220° ; 
the  part  boiling  between  215°  and  220°  was  analyzed. 

0*1835  of  this  compound  gave  0*4455  of  a  mixture  of  silver  chloride 
and  silver  bromide.  « 

0*2955  of  this  mixture  left,  on  heating  it  in  a  current  of  hydrogen^ 

0*1928  silver. 

Calculated.  Found. 

C,  36  13*28                           

H,  4  J  48                           

CI,  71  26*20  26*3 

Br,  160  59*04  582 
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These  experiments  prove  sufficiently  that  the  liquid  boiling  between 
150°  and  160°  contained  a  large  proportion  of  trichlorhydrine.  It  is 
noteworthy  to  remark  that  the  substitution-products  of  the  primary  pro- 
pyl chloride  are  identical  with  those  of  the  secondary  chloride,  as,  according 
to  Linnemann,  on  passing  chlorine  into  isopropyl  iodide,  the  products 
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which  are  formed  are  (1)  the  secondary  chloridci  (2)  probably  propylene 
dichloride,  and  (3)  trichlorhydrine*. 

In  my  last  communication  I  have  already  called  attention  to  the  dif- 
ferent behayiour  of  ethane  aud  propane  under  the  action  of  chlorine.  A 
further  instance  is  the  formation  of  trichlorhydrine,  the  chemical  struc- 
ture of  which  is  most  probably  expressed  by  the  formula  C  H,  CI— C  H  Gl 
— C^HCl,  whilst  by  substituting  3  atoms  of  hydrogen  by  chlorine  in 
ethane,  the  compound  G  H,— CI,  is  formed. 

The  liquid  from  which  I  had  separated  the  trichlorhydrine  was  again 
treated  with  chlorine  in  the  direct  sunlight  for  several  days.  On  distilling 
it  afterwards,  it  came  over  between  200^  and  250°.  The  portion  boiling 
between  200°  and  205°  solidified  in  the  receiver  as  a  white,  crystalline 
mass.  In  order  to  remove  from  it  an  oUy  liquid  which  it  contained,  it  was 
pressed  between  filter-paper  and  recrystallized  repeatedly  from  alcohol. 
The  analysis  conducted  to  the  formula  C3  H^  Cl^. 

(1)  0-1462  gave  0*5460  silver  chloride  and  0*0035  silver. 

(2)  0-1282  gave  0*4051  silver  chloride. 

Found. 


"X 


Calcolated  for  0,  H^  01^.  I.  11. 

78*01  per  cent.  78*02  per  cent.         78*24  per  cent. 

Tetrachlorpropaney  as  this  compound  may  be  called,  crystalUzes  from  a 
hot  alcoholic  solution  in  small  needles,  four  or  eight  of  which  are  generally 
grouped  together,  forming  a  regular  star.  Its  smell  strongly  resembles 
that  of  camphor.  Exposed  to  the  air,  it  volatilizes  pretty  quickly ;  heated 
in  a  test-tube,  it  fuses,  subliming  rapidly  at  the  same  time.  In  a  sealed 
capiUary  tube  it  melted  at  177°-178°,  and  solidified  again  at  176°-175°. 

The  liquid  boiling  between  205°  and  250°  was  very  little  acted  upon  by 
chlorine  even  in  the  brightest  sunshine  and  presence  of  iodine ;  also  treat- 
ment with  potassium  chlorate  and  fuming  hydrochloric  acid  produced  Uttle 
effect,  as,  after  acting  upon  it  for  several  days,  the  liquid  boiled  again 
between  220^*  and  250°.  The  portion  boiling  between  243°  and  250°  was 
analyzed : — 

'  0-1926  gave  0*6580  silver  chloride  and  0*0034  silver. 

Calculated  for  C,  H^  CI,.  Found. 

84*86  per  cent.  CI.  85*04  per  cent. 

This  compound  is  therefore  hexachlorpropane,  C,  H,  CI,,  a  colourless, 
heavy  Uquid,  which  smells  somewhat  like  camphor,  and  boils  without 
decomposition  at  about  250°. 

From  these  experiments  it  would  appear  tbat  in  propane  we  cannot  re- 
place by  direct  substitution  more  than  six  atoms  of  hydrogen  by  chlorine. 
This  observation  gains  in  interest  by  the  fact  that  in  sextane  (hexyl- 
hydride)  C,  H^^  from  petroleum  also  not  more  than  six  atoms  of  hydrogen 

*  Annal.  Chem.  Pharm.  vol.  cxxxvi.  p.  48,  and  voL  cxzxiz.  p.  17. 
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are  replaceable  by  chlorine.  Pelouze  and  Cahours*  state  that  the  last  sub- 
stitution-product of  this  hydrocarbon  is  the  compound  C,  H,  CI,.  I 
repeated  this  experiment,  and  passed  chlorine  into  pure  sextane,  first  in 
the  diffused  and  afterwards  in  the  direct  sunlight,  as  long  as  any  action 
could  be  observed.  Thus  I  obtained  a  heavy  colourless  liquid,  which  did 
not  distil  without  decomposition,  the  analysb  of  which  showed  that  it  had 
the  above  composition. 

0*1612  gave  0*4654  silver  chloride  and  0*0076  silver. 

Calculated  for  C.  H^  Clg.  Found. 

727  per  cent.  CI.  72*8  per  cent. 

XVII.  "  On  HoUenia,  a  Genus  of  Vitreous  Sponges.^'  By  Wy  ville 
Thomson,  LL.D.,  F.R.S.,  Professor  of  Natural  Science  in 
Queen^s  College,  Belfast. 

(Abstract.) 

During  the  deep-sea  dredging  cruise  of  H.M.S.  'Lightning'  in  the 
autumn  of  the  year  1868,  the  dredge  brought  up,  on  the  6th  of  Septem- 
ber, from  a  depth  of  530  fathoms,  in  lat.  59°  36'  N.,  and  long.  7°  20' W., 
about  20  miles  beyond  the  100- fathom  line  of  the  Coast  Survey  of  Scot- 
land, fine,  grey,  oozy  mud,  with  forty  or  fifty  entire  examples  of  several 
species  of  siliceous  sponges.  The  minimum  temperature  indicated  by 
several  registering  thermometers  was  47°*3  F.,  the  surface  temperature 
for  the  several  localities  being  52^*5  F. 

The  mud  brought  up  consisted  chiefly  of  minute  amorphous  particles 
of  carbonate  of  lime,  with  a  considerable  proportion  of  living  Globigerin€B 
and  other  Foraminifera,  and  of  the  "coccoliths"  and  "  coccosphefes," 
so  characteristic  of  the  chalk-mud  of  the  warmer  area  of  the  Atlantic. 
The  sponges  belonged  to  four  genera  ;  one  of  these  was  the  genus  Hyalo^ 
nema,  previously  represented  by  the  singular  glass-rope  sponges  of  Japan 
and  the  coast  of  Portugal,  and  the  other  three  genera  were  new  to  science. 
One  of  these  latter  was  the  subject  of  the  paper. 

Associated  with  the  sponges  were  representatives,  usually  of  a  small  size, 
of  the  MoUusca,  the  Crustacea  and  Annelides,  the  Echinodermata,  and  the 
Coelenterata,  with  numerous  large  and  remarkable  rhizopods.  Many  of 
the  higher  invertebrates  were  brightly  coloured  and  had  eyes. 

Four  nearly  perfect  specimens  of  the  sponge  described  in  the  memoir 
were  procured. 

HOLTENIA,  u.  g.f 

H.  Carpenteri,  n.  sp. 
The  body  of  the  sponge  is  nearly  globular  or  oval.     Normal,  and 

*  Comptcs  Rcndus,  vol.  liv.  p.  1241. 

t  The  genus  is  named  in  compliment  to  M.  Holten,  Governor  of  the  Faroe  Islands, 
and  the  species  is  dedicated  to  Dr.  W.  B.  Carpenter,  V.P.R.S.,  with  whom  the  author 
was  associated  in  the  conduct  of  the  expedition. 
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appanDtly  fiiU-grown  apecimenB  are  from  9"  to  1 '  1 "  in  length,  and  from  7" 
to  9"  wide.     The  onter  wall  conslgU  of  an  open,  somewhat  irregular,  but 


very  elegant  network,  whose  skeleton  b  made  up  of  large  separate  siliceous 
spicnles.  These  spicules  are  formed  on  the  hexradiate  stellate  type ;  but 
DBually  only  five  rays  are  developed,  the  sixth  ray  being  represented  by  a 
tubercle.  To  form  the  framework  of  the  external  wall,  the  four  secondary 
bnuches  of  the  spicule  spread  on  one  plane,  the  surface  of  the  sponge, 
while  the  fifth  or  aiygous  branch  dips  down  into  the  sponge-substance. 
This  arrangement  of  the  spicules  gives  the  outer  surface  of  the  sponge  a 
distinctly  stellate  appearance,  the  centres  of  the  stars  being  the  point 
of  radiaUon  of  the  secondary  branches  of  the  spicules.  These  quinque- 
radiate  spicules  measure  about  1"  5'"  from  point  to  point  of  tha  cross- 
like secondary  branches,  and  the  length  of  the  aiygous  arm  is  from 
/■.i'"to  1". 

VOL.  XVIII.  D 
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Smaller  stars,  formed  by  the  radiation  of  smaller  spicules  of  the  same 
class,  occupy  the  spaces  between  the  rays  of  the  larger  stars. 

The  rays  of  each  star  bend  irregularly,  and  meet  the  rays  of  the  spi- 
cules forming  the  neighbouring  stars.  The  rays  of  the  different  spicules 
thus  run  along  for  some  distance  parallel  to  one  another,  and  are  held 
together  by  a  layer  of  elastic  sarcode,  which  invests  all  the  spicules  and 
all  their  branches.  Between  the  rays  of  the  spicules,  over  the  whole  sur* 
face,  the  sarcode  forms  an  ultimate  and  very  delicate  network,  its  meshes 
defining  minute  inhalent  pores. 

At  the  top  of  the  sponge  there  is  a  large  osculum,  about  3"  in  diameter, 
which  terminates  a  cylindrical  cavity,  which  passes  down  vertically  into 
the  substance  of  the  sponge  to  a  depth  of  5"  5'",  The  walb  of  this 
oscular  cavity  are  formed  upon  the  same  plan  as  the  external  wall  of  the 
sponge ;  and  the  stars,  which  are  even  more  conspicuous  than  those  of  the 
outer  wall,  are  due  to  the  same  arrangement  of  spicules  of  the  same  form. 
The  ultimate  sarcode  network  is  absent  between  the  rays  of  the  stars  of 
the  oscular  surface. 

The  sponge-substance,  which  is  about  2''  in  thickness  between  the 
oscular  and  the  outer  walls,  is  formed  of  a  loose  vacuolated  arrangement 
of  bands  and  rods  of  greyish  consistent  sarcode,  containing  minute  dis- 
seminated granules  and  groups  of  granules  of  horny  matter,  aud  minute 
endoplasts. 

Towards  the  outer  wall  of  the  sponge  the  sarcode  trabeculse  are  arranged 
more  symmetrically,  and  at  length  they  resolve  themselves  into  distinct 
columns,  which  abut  against  and  support  the  centres  of  the  stars,  leaving 
wide,  open,  anastomosing  channels  between  them.  The  sarcode  of  the 
outer  wall,  and  that  of  the  wall  of  the  oscular  cavity,  is  loaded  with  minute 
spicules  of  two  principal  forms,  quinqueradiate  spicules  with  one  ray 
prolonged  and  feathered,  and  minute  amphidisci. 

Over  the  lower  third  of  the  body  of  the  sponge,  fascicles  of  enormously 
long  delicate  siliceous  spicules  pass  out  from  the  sarcode  columns  of  the 
sponge-body  in  which  they  originate,  through  the  outer  wall,  to  be  diffused 
to  a  distance  of  not  less  than  half  a  metre  in  the  mud  in  which  the  sponge 
lives  buried;  and  round  the  osculum  and  over  the  upper  third  of  the 
sponge,  sheaves  of  shorter  more  rigid  spicules  project,  forming  a  kind  of 
fringe. 

The  author  referred  all  the  sponges  which  were  found  inhabiting  the 
chalk-mud  to  the  Order  Porifera  Vitrea,  which  he  had  defined  in  the 
'Annals  and  Magazine  of  Natural  History'  for  February  1868.  This 
order  is  mainly  characterized  by  the  great  variety  and  complexity  of  form 
of  the  spicules,  which  may  apparently,  with  scarcely  an  exception,  be  re- 
ferred to  the  hexradiate  stellate  type,  a  form  of  spicule  which  does  not 
appear  to  occur  in  any  other  order  of  sponges.  The  genus  HoUenia  is 
nearly  allied  to  Hyalonema,  and  seems  to  resemble  it  in  its  mode  of  occur- 
rence.    Both  genera  live  imbedded  in  the  soft  upper  layer  of  the  chalk- 
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mud,  in  which  they  are  supported, — Ilolfenia  by  a  delicate  maze  of  siliceous 
fibres,  which  spread  round  it  in  all  directions,  increasing  its  surface  without 
materially  increasing  its  weight, — Hyalonema  by  a  more  consistent  coil  of 
spidileSt  which  penetrates  the  mud  vertically  and  anchors  itself  in  a  firmer 
layer. 

It  appeared  to  the  author  and  to  Dr.  Carpenter,  who  had  had  their 
attention  specially  directed  to  this  point  as  bearing  upon  the  continuity  and 
identity  of  some  portions  of  the  present  calcareous  deposits  of  the  Atlantic 
with  the  cretaceous  formation,  that  the  vitreous  sponges  are  more  nearly 
allied  to  the  Ventriculites  oi  the  chalk  than  to  any  recent  order  of  Forifera. 
They  are  inclined  to  ascribe  the  absence  of  silica  in  many  ventriculites. 
and  the  absence  of  disseminated  silica  in  the  chalk  generally,  to  some  pro- 
cess»  probably  dialytic,  subsequent  to  the  deposit  of  the  chalk,  by  which 
the  silica  has  been  removed  and  aggregated  in  amorphous  masses,  the  chalk 
flints. 

The  Vitreous  Sponges  along  with  the  living  Rhizopods  and  other  Protozoa 
which  enter  largely  into  the  composition  of  the  upper  layer  of  the  chalk- 
mud,  appear  to  be  nourished  by  the  absorption  through  the  external  sur* 
face  of  their  bodies  of  the  assimilable  organic  matter  which  exists  in 
appreciable  quantity  in  all  sea- water,  and  which  is  derived  from  the  life  and 
death  of  marine  animals  and  plants,  and  in  large  quantity,  from  the  water 
of  tropical  rivers.  One  principal  function  of  this  vast  sheet  of  the  lowest 
type  of  animal  life,  which  probably  extends  over  the  whole  of  the  warmer 
regions  of  the  sea,  may  probably  be  to  diminish  the  loss  of  organic  matter 
by  gradual  decomposition,  and  to  aid  in  maintaining  in  the  ocean,  the 
"  balance  of  organic  nature." 

XVIII.  *'  An  Inquiry  into  the  Variations  of  the  Human  Skull^  parti- 
cularly in  the  Antero-posterior  Direction.''  By  John  Cleland^ 
M.D.,  Professor  of  Anatomy  and  Physiology,  Queen's  College, 
Gkilway.  Communicated  by  Dr.  Allen  Thomson.  Received 
June  15^  1869. 

(Abstract.) 

1 .  A  method  of  notation  is  suggested  by  which  material  sufficient  for 
the  formation  of  a  perfectly  accurate  diagram  of  a  skull  may  be  registered 
by  means  of  a  line  or  two  of  figures.  This  is  accomplished  by  marking  the 
vertical  and  horizontal  distance  of  a  number  of  points  from  the  postauricular 
depression. 

2.  The  longest  base-lines,  from  fronto-nasal  suture  to  back  of  foramen 
magnum,  are  found  in  savage  skulls.  This  base-line  is  distinctly  longer 
in  males  than  females ;  and  the  proportion  which  the  arch  bears  to  the 
base-line  ia  greater  in  children  than  in  the  adult.  In  the  Irish,  the  base- 
line is  shorty  and  the  arch  extensive. 

3.  The  mesial  base  being  considered  in  three  parts,  viz.  length  of 
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foramen  magnum,  orbital  length  or  profile  distance  of  fronto-naaal  ■atnie 
from  foramen  opticum,  and  the  foramino- optic  line  uniting  the  other  linct 
together,  it  is  found  that  the  long  base-line  of  saTage  skulk  depends  both 
on  amount  of  orbital  length  and  on  long  foramino- optic  line. 

4.  The  angle  at  which  the  line  of  orbital  length  lies  to  the  foramen 
magnam  is  distinguished  as  the  cranial  curvature.  This  angle  in  adult  Eu- 
ropeans on  an  average  exceeds  180^,  and  in  negro  and  other  savage  tjpes 
falls  short  of  that  amount.  It  is  also  less  in  infants  than  in  adults^  and 
greater  in  females  than  in  males.  But  the  variation  of  the  angles  at  whidi 
the  foramen  magnum  and  orbital  depth  respectively  lie  to  Uie  foramino- 
optic  line,  is  much  greater  than  the  variation  in  cranial  curvature ;  therefore 
the  two  angles  mentioned  are  in  a  certain  degree  of  mutual  relation ;  and 
according  to  their  size,  the  base  may  be  termed  **  steep  "  or  '*  level."  The 
infant  base  is  much  more  level  than  the  adult  male  base ;  the  levelness  of 
childhood  sometimes  persbts  in  the  female. 

5.  The  different  regions  of  the  arch  do  not  grow  equally.  The  parietal 
region  reaches  its  greatest  predominance  in  the  last  month  of  fcetal  life, 
and  after  birth  the  frontal  region  grows  most  rapidly,  and  the  occipital 
region  next  most  rapidly.  There  is  no  foundation  whatever,  so  far  as  mesial 
measurements  are  concerned,  for  the  supposition  that  the  lower  races  of 
humanity  have  the  forehead  less  developed  than  the  more  civilized  nations. 
Neither  is  it  the  case  that  the  forehead  in  the  lower  races  slopes  more 
backwards  on  the  floor  of  the  anterior  cranial  fossa  than  it  does  in  others. 

6.  The  local  prominence  of  different  parts  of  the  arch  of  the  skull  being 
measured  by  means  of  the  angles  joining  lines  passing  from  point  to  point 
in  the  arch,  it  is  shown  that  the  angles  furnish  a  means  of  collecting  various 
precise  details  with  regard  to  national  characteristics  of  form,  from  which 
important  results  may  be  expected  if  the  plan  be  worked  on  an  extensive 
scale.  Flatness  of  the  angle  formed  by  lines  from  the  extremities  to  the 
midpoint  of  the  parietal  arc  is  shown  to  be  correlated  with  length  of  base- 
line. 

7.  As  age  advances,  ''gravitation  changes"  take  place,  the  base  being 
driven  in  and  the  lateral  wall  bulging  out,  the  forehead  becoming  more 
retreating,  and  the  condyles  flat. 

8.  It  is  sought  to  be  shown  that  if  Dolichocephali  and  Brachycephali 
are  to  continue  to  be  a  natural  and  not  an  artificial  division  of  skulls,  the 
distinction  must  be  based  on  the  various  characters  pointed  out  by  Retzius, 
and  not  on  the  mere  amount  of  the  '*  cephalic  index."  The  proportion  of 
height  to  length,  according  to  the  writer,  is  more  important  than  the  pro- 
portion of  breadth  to  length.  He  proposes  that  Hindoo  skulls  should  be 
considered  as  belonging  to  a  subdivision  Brachycephali  angustiores,  and 
that  the  Germans  should  be  considered  as  Dolichocephali  latiores. 

9.  The  value  of  ''  radial"  measurements  from  the  postauricular  depres- 
sion is  tested,  and  it  is  shown  that  a  classification  of  some  value  may  be 
based  on  them,  but  that  they  are  defective  in  consequence  of  the  variability 
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of  the  position  of  the  postaoricular  depression,  in  both  vertical  and  liori- 
sontal  direction,  as  compared  with  the  front  of  the  foramen  magnum. 
That  position  Taries  in  different  races,  and  is  affected  by  gravitation  changes. 

10.  The  position  of  greatest  breadth  yaries  according  to  the  time  of  Ufe, 
and  as  the  spaces  adjacent  to  the  mesial  and  lateral  roof-ridges  are  well 
filled  or  ill  filled ;  and  an  hypothesis  is  advanced  in  explanation  of  this,  and 
of  the  mesial  ridge  being  promment  in  savage  skulls,  althongh  the  ridge 
on  the  festal  skull  disappears  in  childhood. 

11.  Orthognathism  and  prognathism  are  shown  to  be  concrete  results  of 
a  variety  of  circumstances,  some  of  them  not  connected  with  the  anatomy 
of  the  face,  as,  for  example,  the  degree  of  cranial  curvature.  The  extent  to 
which  the  face  projects  from  underneath  the  skull  must  be  measured  by  an 
angle  contained  between  the  fore  part  of  the  face  and  the  floor  of  the 
anterior  fossa  only  of  the  skull,  the  curves  of  the  base  of  the  skull  further 
back  having  really  nothing  to  do  with  the  matter.  Tbis  projection  of  the 
face  is  great  in  French  skulls,  considerable  in  Scotch,  and  small  in  Irish  and 
German  skulls. 

12.  The  facial  angle  is  affected  by  the  height  of  the  ear  above  the 
foramen  magnum,  while  prognathism  is  not. 

13.  The  condyles  of  the  skull  become  more  and  more  prominent  in  front 
from  infancy  to  adult  life,  and  thus  tilt  the  skull  more  and  more  back- 
wards. By  this  rotation  balance  is  preserved,  seeing  that  the  fore  part  of 
the  head  and  the  face  are  the  parts  which  proportionally  increase  in  size 
as  growth  proceeds,  and  their  increased  proportion  of  weight  is  made  up 
for  by  a  greater  amount  being  thrown  behind  the  vertebral  column.  There 
is  less  tilting  back  in  the  female  head  than  the  male. 

14.  This  principle  is  shown  to  be  most  important  in  Artistic  Anatomy. 

15.  In  the  bwer  animals  the  cerebral  curvature  is  of  very  different 
amount  in  different  species,  the  most  advanced  animals  having  it  greatest. 


XIX.  "  Researches  on  Vanadium.'^ — Part  II.   By  Henry  E.  Roscoe, 
B.A.,  Ph.D.,  F.B.S.     Received  June  16.     Read  June  17, 1869. 

(Abstract.) 

On  the  Chlorides  of  Vanadium  and  Metallic  Vanadium 

In  the  first  part  of  these  researches  ('  Bakerian  Lecture,'  Phil.  Trans. 
186S,  pt.  i.)  the  author  stated  that  the  chlorides  of  vanadium,  and  pro- 
bably also  the  metal  itself,  could  be  prepared  from  the  mononitride,  the 
only  compound  of  vanadium  not  containing  oxygen  then  known.  The 
process  for  obtaining  the  mononitride  described  in  the  last  communication 
was  that  adopted  by  Berzelius  for  preparing  the  substance  which  he  con- 
ceiTcd  to  be  metal,  but  which  in  reality  is  mononitride.  This  method 
consists  in  the  action  of  ammonia  on  the  oxitri-chloride;  but  it  cannot  be 
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emplojed  for  the  preparation  of  large  qaantitiet  of  nitride,  owing  to  tKe 
Tiolence  of  the  action  and  consequent  loss  of  material.  The  author,  seek- 
ing for  a  more  economical  method,  found  that  if  the  ammonium  meta- 
vanadate  (NH^  ^O,)  be  heated  for  a  sufficiently  long  time  at  a  white  heat 
in  a  current  of  dry  ammonia,  pure  vanadium  mononitride  remains  behind. 
Analysis  of  a  sample  thus  prepared  gave  79*6  per  cent,  of  Tanadiam  and 
20*2  per  cent,  of  nitrogen,  theory  requiring  78*6  and  21*4  per  cent,  re- 
spectively. The  mononitride  may  likewise  be  directly  prepared  by  igniting 
vanadium  trioxide  (V,  O,)  in  a  current  of  ammonia  at  a  white  heat  in  a 
platinum  tube,  and  also  by  subjecting  the  dichloride  to  the  same  treat- 
ment. 

The  Chlorides  of  Vanadium. — Three  chlorides  of  vanadium  have  been 
prepared,  viz, ! — 

Vanadium  tetrachloride  ....  VCl^ 

Vanadium  trichloride VCl, 

Vanadium  dichloride   VCl, 

1.  Vanadium  Tetrachloride  VCl^,  molec.  wt.  =  l93*3,  V.D.«96-6 
(Hssl). — This  chloride  is  formed  as  a  dark  reddish  brown  volatile  liquid^ 
when  metallic  vanadium  or  the  mononitride  is  burnt  in  excess  of  chlorine. 
The  first  method  adopted  for  the  preparation  of  this  chloride  was  to  pass 
dry  chlorine  over  the  mononitride  heated  to  redness;  the  whole  of  the 
nitride  volatilizes  and  a  reddish-brown  liquid  comes  over.  In  one  opera- 
tion 44  grammes  of  the  crude  tetrachloride  was  thus  prepared  ;  the  liquid 
is  purified  by  distillation  first  in  a  current  of  chlorine  and  then  in  a  stream 
of  carbonic  acid  gas.  On  fractionating,  the  liquid  was  found  to  boil  at 
1 54°  C.  (corrected)  under  760""*  of  mercury.  The  second  method  de- 
pends upon  a  fact  already  noticed  in  the  preceding  communication,  that 
the  oxitrichloride  ( VO  CI,),  prepared,  according  to  the  directions  of  Berse- 
lius,  by  passing  dry  cbioriue  over  a  mixture  of  the  trioxide  and  charcoal, 
possesses  a  port-wine  colour  instead  of  the  canary-yellow  tint  of  the  pure 
substance.  This  dark  colour  is  due  to  the  formation  of  the  tetrachloride 
of  vanadium,  and  if  the  vapours  of  the  oxitrichloride,  together  with  excess 
of  dry  chlorine,  be  passed  several  times  over  a  column  of  red-hot  charcoal 
the  whole  of  the  oxygen  of  the  oxichloride  can  be  removed,  and  at  last 
perfectly  pure  tetrachloride,  boiling  constantly  at  1 54°  is  obtained.  This 
reaction,  it  will  be  remembered,  served  first  to  demonstrate  the  existence  of 
oxygen  in  the  oxitrichloride.  In  each  distillation  of  the  tetrachloride  a 
peach-blossom-coloured  solid  residue  remained  in  the  bulbs;  this  sub- 
stance is  vanadium  trichloride,  and  it  slowly  burns  away  in  excess  of  chlo- 
rine when  heated,  forming  tetrachloride. 

The  composition  of  the  tetrachloride  was  established  by  six  well-agree- 
ing analyses,  made  from  several  different  preparations.  The  mean  re- 
sult is : — 
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Calculated.  Found. 

V  =  51-3     26  54     26-87 

01^=  142-0      73-46     73-02 


193-3  100-00  99-89 

Owing  to  the  facility  with  which  the  tetrachloride  splits  up  into  trichlo- 
ride and  chlorine  a  solid  residue  was  left  in  the  vapour^density  bulb,  and 
the  density  of  the  Tapour  (at  219°)  was  found  by  Dumas's  method  to  be 
99*06  (or  6-86)  instead  of  96-6  (or  669).  By  yolatilising  the  liquid  in  a 
small  bulb,  and  allowing  the  vapours  to  pass  into  a  large  bulb  already 
heated  above  the  boiling-point  of  the  liquid  this  deposition  of  trichloride  was 
avoided,  and  the  density  was  found  to  be  96-6  or  6-69  at  205^  and  93-3 
or  6  48  at  215^,  the  last  determination  indicating  that  a  partial  decompo- 
sition into  VCl,  and  CI  had  occurred.  The  specific  gravity  of  the  liquid 
tetrachloride  at  0^  is  1  -8584  ;  it  does  not  solidify  at  —  1 8°,  nor  does  it  at 
this  or  any  higher  temperature  undergo  change  of  properties  on  treatment 
with  chlorine.  It  not  only  undergoes  decomposition  on  boiling,  but  at  the 
ordinary  atmospheric  temperatures  it  splits  up  into  VCl,  and  CI.  Tubes  in 
which  the  liquid  tetrachloride  had  been  sealed  up  have  burst  by  the  pressure 
of  the  evolved  chlorine.  Thrown  into  water,  the  tetrachloride  is  at  once 
decomposed,  yielding  a  blue  solution  identical  in  colour  with  the  liquid 
obtained  by  the  action  of  sulphurous  or  sulphydric  acids  on  vanadic  acid 
in  solution,  and  containing  a  vanadous  salt,  derived  from  the  tetroxide  V^O^. 
In  order  to  prove  that  a  vanadous  salt  is  formed  when  the  tetrachloride  is 
thrown  into  water,  the  solution  thus  obtained  was  oxidized  to  vanadic 
acid  by  a  standard  permanganate  solution.  The  calculated  percentage  of 
oxygen  thus  needed  according  to  the  formula  2VC\^-\-0-\'4l{fi^\fl^  + 
8HC1  is  4*14  ;  the  percentage  of  oxygen  found  by  experiment  was  4*11. 

The  solution  of  the  tetrachloride  in  water  does  not  bleach ;  but  if  the 
vapour  be  led  into  water  a  liquid  is  obtained  which  bleaches  litmus.  Va- 
nadium tetrachloride  acts  violently  on  dry  alcohol  and  ether,  forming  deep- 
coloured  liquids.  The  author  is  engaged  upon  the  examination  of  this 
reaction. 

Bromine  and  vanadium  tetrachloride,  sealed  up  and  heated  together,  do 
not  combine ;  on  the  contrary,  trichloride  is  deposited.  Hence  it  is  clear 
that  vanadium  does  not  readily  form  a  pentad  compound  with  the  chlorous 
elements. 

2.  Vanadium  Trichloridc—YCl^^lbr'S.  The  trichloride  is  a  solid 
body,  crystallizing  in  splendid  peach-blossom -coloured  shining  tables, 
closely  resembling  in  appearance  the  crystal  of  chromium  sesquichloride. 
It  is  non-volatile  in  hydrogen,  and,  when  heated  in  the  air,  it  decomposes, 
glowing  with  absorption  of  oxygen,  and  forming  the  pentoxide.  Heated 
in  hydrogen  the  trichloride  first  loses  one  atom  of  chlorine,  forming  the 
dichloride  (VCl,),  and  afterwards,  on  exposure  to  a  higher  temperature, 
loses  all  its  chlorine,  leaving  nictallic  vanadium  as  a  grey  lustrous  powder. 
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The  trichloride  is  extremely  hygroscopic,  deliquescing  on  exposure  to  air  to 
a  hrown  liquid.  The  trichloride  is  hest  prepared  hy  the  quick  decomposi- 
tion of  the  tetrachloride  at  its  boiling  point,  or  by  its  slow  decomposition 
at  the  ordinary  temperature  of  the  air.  The  crystalline  powder  obtained 
by  either  of  these  methods  only  requires  freeing  from  adhering  tetrachlo- 
ride by  drying  in  carbon  dioxide  at  160®  in  order  to  yield  good  analytical 

results. 

Calculated.  Mean  of  4  tnalyBea. 

V  =:  51-3     32-5     32-57 

Cl,=  106-5     67-5     67-42 

157-8  100-0  99-99 

The  trichloride  thrown  into  water  does  not  at  once  dissolve;  but, as  soon 
as  the  crystals  get  moistened,  a  brown  solution  is  formed,  which  becomes 
green  on  addition  of  a  drop  of  hydrochloric  acid,  and  contains  a  hypova- 
nadie  salt  in  solution.  This  green  tint  is  identical  with  that  got  by  re- 
ducing a  solution  of  vanadic  acid  in  presence  of  magnesium.  According  to 
the  equation  2VCl,+0,+3HaO=V,03+6HCl  the  solution  of  the  tri- 
chloride requires  10*14  per  cent,  of  oxygen  to  bring  it  up  to  yanadic  acid, 
whilst  analysis  showed  that  10-1  per  cent,  was  necessary.  The  specific 
gravity  of  the  trichloride  at  18^  is  3-00. 

3.  Vanadium  Diehloride  VC1,=  122-3.— The  dichloride  is  a  solid  cry- 
stallizing in  fine  bright  apple-green  micacious  plates.  It  is  prepared  by 
passing  the  vapour  of  vanadium  tetrachloride  mixed  with  hydrogen 
through  a  glass  tube  heated  to  dull  redness.  If  the  heat  be  pushed 
further  a  blackish  crystalline  powder,  consisting  of  a  mixture  of  lower 
chloride  and  metal,  is  obtained.  The  dichloride,  when  strongly  heated  in 
hydrogen,  loses  all  its  chlorine,  leaving  vanadium  in  the  metallic  state  in 
grey  crystalline  grains.     Analysis  gave  : — 

Calculated.  Mean  of  2  analyses. 

VCl=5I-3     41-95     42-16 

CI,    =  71-0     5805     57-88 

122-3  10000  10000 

Vanadium  dichloride  is  extremely  hygroscopic;  when  thrown  into 
water  a  violet-coloured  solution  is  formed,  identical  in  tint  with  the  liquid 
containing  a  hypovanadous  salt  obtained  by  reducing  vanadic  acid  in  solu- 
tion in  presence  of  zinc-  or  sodium -amalgam  ;  and  like  this  latter  liquid, 
the  solution  of  dichloride  in  water  bleaches  strongly  by  reduction. 

Oxidized  by  permanganate  this  liquid  required  18-78  percent,  of  oxygen 
(on  the  dichloride  taken)  to  bring  it  up  to  vanadic  acid,  whereas  the  equa- 
tion 2VCl,-|-0,+  2H,0=V,03-|-4HC1  requires  196  per  cent.  The  spe- 
cific  gravity  of  vanadium  dichloride  at  18°  is  3-23. 

Metallic  Vanadium  V=51-3. — Although  from  what  we  now  know  of 
the  characters  of  vanadium  it  appeared  unlikely  that  any  compound  con- 
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taming  ozjgen  would  yield  the  metal  bj  direct  reduction,  the  author  has 
repeated  the  experiments  of  other  chembts  on  this  subject,  but  without 
aocceaa.  There  is  no  doubt  that  the  metal  cannot  be  obtained  by  any 
of  the  processes  described  in  the  books.  The  only  methods  which  pro- 
mised possible  results  were  : — 

1 .  The  reduction  of  a  vanadium  chloride  (free  from  oxygen)  in  hydro- 
gen gas,  either  with  or  without  sodium. 

2.  The  reduction  of  the  mononitride  at  a  white  heat  in  hydrogen. 

The  first  of  these  methods  has  proved  to  be  successAil,  whilst  the 
second  does  not  appear  to  yield  metal,  inasmuch  as  the  nitride  exposed  for 
3 1  hours  in  a  platinum  tube  to  the  action  of  hydrogen  at  a  white  heat, 
lost  only  8  per  cent,  whereas  it  must  lose  21*4  per  cent,  on  conversion 
into  metal. 

Notwithstanding  the  apparent  simplicity  of  the  method,  the  author  has 
foand  it  exceedingly  difficult  to  obtain  the  metal  perfectly  free  from  oxy- 
gen. This  arises  from  the  fact  that  whilst  vanadium  is  quite  stable  at  the 
ordinary  temperature,  it  absorbs  oxygen  with  the  greatest  avidity  at  a  red 
heat,  and  that  therefore  every  trace  of  air  and  moisture  must  be  excluded 
during  the  reduction.  Another  difficulty  consists  in  the  preparation  of  the 
solid  chlorides  in  large  quantity  and  free  from  oxygen  or  moisture,  as  also 
in  the  length  of  time  needed  to  reduce  these  chlorides  in  hydogen,  during 
which  time  unavoidable  diffusion  occurs  and  traces  of  oxygen  enter  the 
tube.  Again,  the  reduction  can  only  be  effected  in  platinum  boats  placed 
in  a  porcelain  tube,  as  the  metal  acts  violently  on  glass  and  porcelain,  ^nd 
tubes  of  platinum  are  porous  at  a  red  heat. 

A  description  of  the  apparatus  employed  is  then  given,  the  main  points 
being  to  guard  against  diffusion,  and  to  introduce  the  powdered  dichloride 
into  the  platinum  boat  in  such  a  way  that  it  shall  not  for  an  instant  be 
exposed  to  moist  air.  After  all  precautions  are  taken  the  tube  is  heated  to 
redness,  torrents  of  hydrochloric  acid  come  off,  and  the  evolution  of  this  gas 
continues  for  from  40  to  80  hours,  according  to  the  quantity  of  dichloride 
taken.  After  the  evolution  of  any  trace  of  hydrochloric  acid  has  ceased  to 
be  perceptible,  the  tube  is  allowed  to  cool,  and  the  boat  is  found  to  contain 
a  light  whitish  grey-coloured  powder,  perfectly  free  from  chlorine. 

Metallic  vanadium  thus  prepared  examined  under  the  microscope  re- 
flects light  powerfully,  and  is  seen  to  consist  of  a  brilliant  shining  crystal- 
line metallic  mass  possessing  a  bright  silver- white  lustre.  Vanadium  does 
not  oxidize  or  even  tarnish  in  the  air  at  the  ordinary  temperature ;  nor 
does  it  absorb  oxygen  when  heated  in  the  air  to  100°.  It  does  not  de- 
compose water  even  at  100°,  and  may  be  moistened  with  water  and  dried 
in  vacuo  without  gaining  weight.  The  metal  is  not  fusible  or  volatile 
at  a  bright  red  heat  in  hydrogen ;  the  powdered  metal  thrown  into  a 
flame  burns  with  the  most  brilliant  scintillations.  Heated  quickly  in 
oxygen  it  bums  vividly,  forming  the  pentoxide  ;  but  slowly  ignited  in  air 
it  first  glows  to  form  a  brown  oxide  (possibly  VaO),  and  then  again  ab- 
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sorbs  oxygen  and  glows  with  formation  of  the  black  trioxide  and  blue 
tetroxide  till  it  at  last  attains  its  maximum  degree  of  oxidation.  The 
specific  gravity  of  metallic  ranadium  at  15^  is  5*5.  It  is  not  soluble  in 
either  hot  or  cold  hydrochloric  acid  ;  strong  sulphuric  acid  dissolves  it  on 
heating,  giving  a  yellow  solution ;  hydrofluoric  acid  dissolves  it  slowly 
with  evolution  of  hydrogen ;  nitric  acid  of  all  strengths  acts  violently  on 
the  metal,  evolving  red  nitrous  fumes  and  yielding  a  blue  solution ;  fused 
with  sodium  hydroxide  the  metal  dissolves  with  evolution  of  hydrogen,  a 
vanadate  being  formed. 

One  sample  yielded  on  oxidation  a  percentage  increase  of  77*94,  whereas 
that  calculated  from  metal  to  pentoxide  is  77*98.  Another  preparation 
gave  a  percentage  increase  of  70*8,  showing  the  presence  of  a  small  quan- 
tity of  oxide.  On  treatment  in  a  current  of  chlorine  metallic  vanadium 
burns  and  forms  the  reddish  black  tetrachloride  ;  heated  in  a  current  of 
pure  nitrogen  the  mononitride  is  formed. 

The  properties  of  the  compounds  of  vanadium  with  silicon  and  platinum 
are  then  described  in  the  memoir. 


XX.  "  On  Palaocoryne,  a  genus  of  the  Tubularine  Hydrozoa  from 
the  Carboniferous  formation."  By  Dr.  G.  Martin  Duncan, 
F.R.S.,  Sec.  Geol.  Soc,  aud  H.  M.  Jenkins,  Esq.,  F.G.S.  Re- 
ceived June  14,  1869. 

(Abstract.) 

PaUeoeoryne  is  a  new  genus  containing  two  species,  and  belongs  to  a  new 
family  of  the  Tubularidee.  The  forms  described  were  discovered  in  the 
lower  shales  of  the  Ayrshire  and  Lanarkshire  coal-field,  and  an  examination 
of  their  structure  determined  them  to  belong  to  the  Hydrozoa,  and  to  be 
parasitic  upon  Fenestellae.  The  genus  has  some  characters  in  common 
with  Bimeria  (St.  Wright),  and  the  polypary  is  hard  and  ornamented. 
The  discovery  of  the  trophosome,  and  probably  part  of  the  gonosome  of  a 
tubularine  Hydrozoon  in  the  Palaeozoic  strata  brings  the  order  into  geolo- 
gical relation  with  the  doubtful  Sertularian  Graptolites  of  the  Silurian 
formation,  and  with  the  rare  medusoids  of  the  Solenhofen  stones. 

XXI.  Bakerian  Lecture. — "  On  the  Continuity  of  the  Gaseous  and 
Liquid  States  of  Matter."  By  Thomas  Andrews^  M.D.,  F.R.S., 
&c.     Received  June  14,  1869. 

(Abstract.) 

In  1863  the  author  announced,  in  a  communication  which  Dr.  Miller 
had  the  kindness  to  publish  in  the  third  edition  of  his  *  Chemical  Physics,' 
that  on  partially  liquefying  carbonic  acid  by  pressure,  and  gradually  raising 
at  the  same  time  the  temperature  to  about  88®  Fahr.,  the  surface  of  de- 
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marcfttioii  between  the  liquid  and  gas  became  fainter,  lost  its  curvature, 
and  at  last  disappeared,  the  tube  being  then  filled  with  a  fluid  which,  from 
its  optical  and  other  properties,  appeared  to  be  perfectly  homogeneous. 
The  present  paper  contains  the  results  of  an  investigation  of  this  subject, 
which  has  occupied  the  author  for  several  years.  The  temperature  at 
which  carbonic  acid  ceases  to  liquefy  by  pressure  he  designates  the  critical 
pointy  and  he  finds  it  to  be  30^*92  C.  Although  liquefaction  does  not 
occur  at  temperatures  a  little  above  this  point,  a  very  great  change  of 
density  is  produced  by  slight  alterations  of  pressure,  and  the  flickerinir 
movements,  also  described  in  1863,  come  conspicuously  into  view.  In 
this  communication,  the  combined  effects  of  heat  and  pressure  upon  car- 
bonic acid  at  temperatures  varying  from  13^  C.  to  48^  C,  and  at  pres- 
sures ranging  from  4b  to  109  atmospheres,  are  fully  examined. 

At  13^*1  C,  and  under  a  pressure,  as  indicated  approximately  by  the 
air  manometer,  of  48*89  atmospheres,  carbonic  acid,  now  just  on  the  point 
of  liquefying,  is  reduced  to  -^.-g  of  the  volume  it  occupied  under  one 
atmosphere.  A  slight  increase  of  pressure,  amounting  to  ^  of  an 
atmosphere,  which  has  to  be  applied  to  condense  the  first  half  of  the 
liquid,  is  shown  to  arise  from  the  presence  of  a  trace  of  air  (-pj^  part) 
in  the  carbonic  acid.  After  liquefaction,  the  volume  of  the  carbonic  acid 
already  reduced  to  about  ^-frr  ®^  ^^®  original  volume,  continues  to  dimi- 
nish as  the  pressure  augments,  and  at  a  much  greater  rate  than  in  the 
case  of  ordinary  liquids.  Similar  results  were  obtained  at  the  temperature 
of  21*^*5.  A  third  series  of  experiments  was  made  at  3l°-l,  or  0°-2  above 
the  critical  point.  In  this  case  the  volume  of  the  carbonic  acid  diminished 
steadily  with  the  pressure,  till  about  74  atmospheres  were  attained.  Afler 
this,  a  rapid  but  not  (as  in  the  case  of  liquefaction)  abrupt  fall  occurred, 
and  the  volume  was  diminished  to  one-half  by  an  additional  pressure  of 
less  than  two  atmospheres.  Under  a  pressure  of  75*4  atmospheres,  the  car- 
bonic acid  was  reduced  to  ^-Jr  ®^  ^^  original  volume  under  one  atmosphere. 
Beyond  this  point  it  yielded  very  slowly  to  pressure.  During  the  stage 
of  rapid  contraction  there  was  no  evidence  at  any  time  of  liquefaction 
having  occurred,  or  of  two  conditions  of  matter  being  present  in  the  tube. 
Two  other  series  of  experiments  were  made,  one  at  32®-5,  the  other  at 
35°*5,  with  the  same  general  results,  except  that  the  rapid  fall  became 
less  marked  as  the  temperature  was  higher.  The  experiments  at  35°-5 
were  carried  as  far  as  107  atmospheres,  at  which  pressure  the  volume  of 
carbonic  acid  was  almost  the  same  as  that  which  it  should  have  occupied 
if  it  had  been  derived  directly  from  liquid  carbonic  acid,  according  to  the 
law  of  the  expansion  of  that  body  for  heat. 

The  last  series  of  experiments  was  made  at  48^*1,  and  extended  from 
62*6  to  109*4  atmospheres  of  pressure.  The  results  are  very  interesting, 
inasmuch  as  the  rapid  fall  exhibited  at  lower  temperatures  has  almost,  if 
not  altogether,  disappeared,  and  the  curve  representing  the  changes  of 
volume  approximates  closely  to  that  of  a  gas  following  the  law  of  Mariotte. 
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The  diminntbn  of  volume  is  at  the  same  time  much  greater  than  if  that 
law  held  good. 

The  results  just  described  are  represented  in  a  graphical  fonn  in  the 
figure  giren  below.     Equal  volumes  of  air  and  carbonic  acid,  measored  at 


0°  C.  and  760  milUmetres,  when  compressed  at  the  temperatures  mariced 
on  each  curve,  undergo  the  changes  of  volume  indicated  by  the  form  of  the 
curve.    The  figures  at  the  top  aud  bottom  indicate  the  approitimate  pres* 
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sores  in  atmospheres ;  the  Tolumes  of  the  gas  and  air  are  measured  up- 
wards from  the  dotted  horizontal  line. 

The  author  has  exposed  carbonic  add,  without  making  precise  measure- 
ments, to  higher  pressures  than  anj  of  those  mentioned,  and  has  made  it 
pass,  without  breach  of  continuity,  from  what  is  universally  regarded  as 
the  gaseous  to  what  is,  in  like  manner,  universally  regarded  as  the  liquid 
state.  As  a  direct  result  of  his  experiments,  he  concludes  that  the  gaseous 
and  liquid  states  are  only  widely  separated  forms  of  the  same  condition  of 
matter,  and  may  be  made  to  pass  into  one  another  by  a  series  of  grada- 
tions so  gentle  that  the  passage  shall  nowhere  present  any  interruption  or 
breach  of  continuity.  From  carbonic  acid  as  a  perfect  gas,  to  carbonic 
acid  as  a  perfect  liquid,  the  transition  may  be  accomplished  by  a  con- 
tinuous process,  and  the  gas  and  liquid  are  only  distant  stages  of  a  long 
series  of  continuous  physical  changes.  Under  certain  conditions  of  tem- 
perature and  pressure,  carbonic  acid  finds  itself,  it  is  true,  in  a  state  of 
instability,  and  suddenly  passes,  without  change  of  pressure  or  tempera- 
ture, but  with  the  evolution  of  heat,  to  the  condition  which,  by  the  con- 
tinuous process,  can  only  be  reached  by  a  long  and  circuitous  route. 

The  author  discusses  the  question,  as  to  what  is  the  condition  or  state 
of  carbonic  acid,  when  it  passes  at  temperatures  above  31°  from  the  ordi- 
nary gaseous  state  down  to  the  volume  of  the  liquid,  without  giving  any 
evidence  during  the  process  of  the  occurrence  of  liquefaction,  and  arrives 
at  the  conclusion  that  the  answer  to  this  question  is  to  be  found  in  the 
intimate  relations  which  subsist  between  the  gaseous  and  liquid  states  of 
matter.  In  the  abrupt  change  which  occurs  when  the  gases  are  compressed 
to  a  certain  volume  at  temperatures  below  the  critical  point,  molecular 
forces  are  brought  into  play,  which  produce  a  sudden  change  of  volume, 
and  during  this  process  it  is  easy  to  distinguish,  by  optical  characters,  the 
carbonic  acid  which  has  collapsed  from  that  which  has  not  changed  its 
volume.  But  when  the  same  change  is  effected  by  the  continuous  process, 
the  carbonic  acid  passes  through  conditions  which  lie  between  the  ordi- 
nary gaseous  and  ordinaiy  liquid  states,  and  which  we  have  no  valid 
grounds  for  referring  to  the  one  state  rather  than  to  the  other. 

Nitrous  oxide,  hydrochloric  acid,  ammonia,  sulphuric  ether,  sulphuret 
of  carbon,  all  exhibited  critical  points  when  exposed  under  pressure  to  the 
required  temperatures. 

The  author  proposes  for  the  present  arbitrary  distinction  between  vapours 
and  gases,  to  confine  the  term  vapour  to  gaseous  bodies  at  temperatures 
below  their  critical  points,  and  which  therefore  can  be  liquefied  by  pres- 
sure, so  that  gas  and  liquid  may  exist  in  the  same  vessel  in  presence  of 
one  another. 

The  possible  continuity  of  the  liquid  and  solid  states  is  referred  to  as  a 
problem  of  far  greater  difficulty  than  that  which  forms  the  subject  of  this 
communication,  and  as  one  which  cannot  be  resolved  without  careful  in- 
vestigation. 
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XXII.  '^  The  Physiological  Action  of  Atropine,  Digitaline,  and  Aconi- 
tine  on  the  Heart  and  Blood-vessels  of  the  Frog/'  By  Frederic 
B.  NuNNELET,  M.D.  Lond.  Communicated  by  Dr.  Bastian. 
Received  June  16,  1869. 

(Abstract.) 

These  experiments  were  undertaken  with  the  view  of  determining  more 
exactly  the  physiological  action  of  atropine,  digitaiine,  and  aconitine  on  the 
heart  and  blood-vessels,  by  methods  of  experiment  which  have  hitherto 
been  little  followed  out. 

My  experiments  on  atropine  have  led  me  to  the  conclusion  that  it  exerts 
no  action  on  the  blood-vessels,  a  result  which  differs  from  that  of  Mr. 
Wharton  Jones  and  of  M.  Meuriot.  This  opinion  was  adopted  after  a 
lengthened  examination  of  the  natural  circulation  in  the  frog's  web,  and 
of  the  numerous  spontaneous  changes  which  it  undergoes,  and  also  of  those 
which  are  the  result  of  the  slightest  irritation.  It  is  some  of  these  changes 
which  have,  I  think,  been  assigned  by  the  observers  just  named  to  the 
special  action  of  atropine. 

Different  opinions  have  been  entertained  with  regard  to  the  action  of 
digitaline  on  the  heart ;  the  result  of  my  observations  is  given  below.  Aco- 
nitine has  also  a  very  marked  action  on  the  heart,  the  opposite  of  that  of 
digitaline  ;  its  physiological  effects  are  stated. 

In  actually  conducting  the  experiments,  the  general  symptoms  of  a 
poisonous  dose  were  first  observed,  so  as  to  show  the  period  at  which  the 
heart  lost  its  vitality  in  relation  to  the  rest  of  the  body. 

Next,  the  visible  effect  produced  on  the  heart,  exposed  in  situ^  was  noted 
as  regards  the  quality,  frequency  and  rhythm  of  its  contractions ;  and  also 
the  alteration  seen  to  occur  in  a  heart  removed  from  the  body  and  immer- 
sed in  a  solution  of  the  alkaloid.  • 

Lastly,  the  effect  on  the  blood-vessels  of  the  web,  was  examined  with 
the  aid  of  the  microscope. 

The  results  obtained  have  been  thrown  into  the  form  of  conclusions. 

Atropine,  digitaline,  and  aconitine  do  not  produce  any  effect  on  the  ves- 
sels of,  or  circulation  in,  the  frog's  web,  whether  locally  applied  in  the 
form  of  solution,  or  injected  under  the  skin  at  a  distant  part,  so  as  to  in- 
fluence the  animal  generally  ;  in  the  latter  case,  as  they  tend  to  impair  or 
abolish  the  functions  of  the  heart,  the  circulation  necessarily  undergoes 
secondary  changes ;  but  these  alterations  do  not  occur  until  the  heart  is 
visibly  affected. 

Atropine. — I .  A  few  minutes  after  a  dose  of  about  ^^^  gr.,  the  frog  be- 
comes quiet,  sinks  down  on  the  plate  containing  it  and  makes  ineffectual 
efforts  to  jump,  the  respiratory  movements  cease  and  it  dies  in  from  1^  to 
.3  hours.  On  exposing  the  heart,  it  is  found  beating,  and  the  contractions 
continue  for  some  hours. 

2.  The  action  of  atropine  on  the  heart  is  neither  considerable  nor  ener- 
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getic,  a  progressive  weakening  of  its  power  being  the  most  prominent 
visible  effect.  The  heart  continues  to  beat  for  some  time  after  the  mani- 
festations of  life  in  the  rest  of  the  animal  have  disappeared ;  finally  it  slowly 
dies  itself,  the  ventricle  being  left  in  a  state  of  relaxation ;  this  occurs  at 
the  end  of  ten,  twelve,  or  several  more  hours. 

3.  The  heart's  contraction  gradually  decreases  in  frequency  and  there  is 
no  primary  acceleration. 

The  rhythm  of  the  heart's  action  is  not  interfered  with ;  the  auricles 
continue  to  beat  for  some  time  after  the  ventricle  has  ceased  to  do  so. 

4.  When  the'heart  is  removed  from  the  body  and  immersed  in  a  solu- 
tion of  sulphate  of  atropine,  it  ceases  to  contract  in  about  the  same  time 
that  a  heart  does  placed  in  water ;  its  appearance  does  not  undergo  any 
change. 

5.  The  pupil  of  the  frog's  eye  is  not  dilated  by  atropine,  either  when 
locally  applied  or  injected  under  the  skin. 

6.  The  lymphatic  hearts  cease  to  contract  long  before  the  blood-heart. 
Digitedine. — 1.  After  the  injection  of  about  ^  gr.  under  the  skin,  the 

frog  at  first  jumps  about,  then  becomes  quiet,  sinks  down  on  the  plate,  can- 
not be  easily  roused  and  dies  in  about  from  twenty  to  forty  minutes.  Some- 
times the  frog  has  paroxysms  of  gasping  movements,  lasting  from  twenty 
to  fifty  seconds,  in  which  it  holds  its  mouth  wide  open,  leaning  on  its  fore 
paws.  These  attacks  are  paroxysmal,  whilst  the  embarrassment  of  the 
heart  is  continuous.  On  opening  the  frog,  the  heart  is  found  motionless 
and  usually  unirritable,  the  ventricle  being  small  and  pale. 

Where  digitaline  if  put  into  the  mouth  it  causes  a  great  secretion  of 
fluid  ;  in  cats  the  salivation  is  very  marked. 

2.  Digitaline  acts  with  great  energy  on  the  heart,  throwing  it  into  vio- 
lent and  disorderly  contractions  which  quickly  end  in  a  cessation  of  move- 
ment. The  first  visible  effect  occurs  a  short  time  after  the  injection  under 
the  skin,  and  consists  in  a  diminished  range  of  the  heart's  movements; 
but  the  most  marked  alteration  is  a  certain  embarrassment  and  loss  of 
smoothness  in  the  heart's  contractions,  as  if  there  were  a  want  of  coordi- 
nation in  the  contractions  of  the  individual  fibres. 

The  ventricular  systole  presents  a  peculiar  appearance  and  takes  a  longer 
time  for  its  performance  than  in  health  ;  it  appears  to  travel  along,  squeez- 
ing the  heart  up,  as  it  were,  and  forcing  the  blood  into  one  spot,  which 
becomes  bright  red  and  projecting  ;  at  the  same  time  there  are  prominent 
muscular  bundles  on  the  surface  of  the  ventricle  giving  it  an  irregular  mo- 
tion. 

During  diastole,  the  ventricle  does  not  everywhere  assume  a  red  colour, 
but  one  or  more  irregular  red  spots  appear  as  if  it  were  so  firmly  contracted 
as  only  to  permit  the  entrance  of  a  small  quantity  of  blood.  These  spots 
become  smaller  and  smaller,  until  at  last  the  ventricle  is  left  very  pale, 
strongly  contracted  and  motionless,  whilst  the  auricles  are  distended  with 
blood. 
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3.  The  frequency  of  the  heart's  contractions  is  not  increasedy  but  ia  pro- 
gressiyely  diminished. 

4.  The  functions  of  the  heart  are  abolished  very  early,  Tolontary  power» 
as  shown  by  the  frog's  ability  to  jump  about  with  its  heart  motionless  and 
contracted,  reflex  acts  and  the  contractility  of  the  lymphatic  hearts  sur- 
viving the  death  of  that  organ. 

5.  The  rhythm  of  the  heart's  contractions  is  but  little  interfered  with 
unlil  near  the  end,  when  they  become  irregukr  in  frequency  and  force. 

6.  Immersion  of  the  heart,  removed  from  the  body,  in  a  solution  of 
digitaline  causes  the  ventricle  to  become  somewhat  uneven  in  outline ;  the 
contractions  get  weak  and  infrequent  and  at  last  cease,  sooner  by  some 
minutes  than  in  a  heart  placed  in  water  ;  the  appearance  of  the  ventricle 
when  it  has  ceased  to  beat,  presents  little  that  is  peculiar,  except  that  it 
often  looks  uneven. 

Aconitine. — 1 .  After  the  injection  under  the  skin  of  about  |^  gr.  the 
frog  jumps  about  for  a  few  minutes  and  then  either  sinks  down  on  the 
plate,  or  else  falls  over  on  to  its  back,  as  if  it  had  lost  both  muscular  power 
and  the  ability  to  direct  its  movements ;  in  either  case  it  dies  in  from  twenty 
to  forty  minutes.  If  the  dose  is  larger,  the  frog  falls  as  if  stunned,  almost 
immediately  after  the  injection  ;  from  this  state  it  partially  revives,  but  dies 
at  the  end  of  a  few  minutes.  On  exposing  the  heart  it  is  found  beating, 
but  rather  feebly,  and  continues  to  do  so  for  one  or  two  hours. 

2.  When  the  heart  is  exposed  in  situ,  aconitine  is  seen  to  have  a  veiy 
distinct  and  powerful  action  upon  it.  Its  contractile  power  is  quickly  im- 
paired giving  rise  to  a  peculiar  perversion  of  rhythm.  The  interval  of  re- 
laxation of  the  ventricle  is  considerably  lengthened,  whilst  the  auricles  go 
on  contracting  regularly,  the  consequence  is  that  the  ventricle  becomes  more 
and  more  distended  with  blood,  at  last  a  limited  part  of  it  contracts,  this 
area  of  contraction  increases  with  each  systole  until,  in  time,  thd»  blood  is 
forced,  at  each  contraction,  to  one  part  of  the  heart  which  projects  as  a 
nodule,  in  a  short  time  the  whole  ventricle  becomes  involved  in  contraction 
and  empties  itself  in  the  ordinary  way ;  soon  after  the  ventricle  again  enters 
into  a  state  of  relaxation  when  the  same  series  of  acts  is  repeated.  Finally, 
the  ventricle  is  lefl  large,  dark  and  distended  with  blood,  in  a  condition 
exactly  contrary  to  that  of  a  heart  arrested  by  digitaline. 

3.  When  a  heart  is  removed  from  the  body  and  immersed  in  a  solution 
of  aconitine  it  ceases  to  beat  a  little  sooner  than  one  does  placed  in  water, 
but  presents  nothing  peculiar  in  its  appearance. 

4.  The  frequency  of  the  heart's  pulsation  is  increased  by  a  few  beats  at 
first,  but  in  a  short  time  there  is  a  progressive  diminution. 

5.  Although  aconitine  abolishes  the  functions  of  the  heart  in  a  compa- 
ratively short  time,  voluntary  power,  reflex  acts  and  the  contractility  of  the 
lymphatic  hearts  disappear  some  time  before  the  blood-heart  ceases  to  beat. 
The  results  obtained  in  about  1 70  experiments  formed  the  basis  for  these 
conclusions. 
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XXIII.  "Fourth  and  concluding  Supplementary  Paper  on  the 
Calculation  of  the  Numerical  Value  of  Euler's  Constant." 
By  William  Shanks.  Communicated  by  Professor  Stokes^ 
Sec.  B.S.     Beceived  June  14,  1869. 

When  IIS  10000,  we  have 

l+i+i+  •  •  •  Twinr^' 

9-78760  60360  44382  26417  84779  04851  60533  48592  62945  57772 
17183  89460  97673  221  + 

Log  e  10000+3nrW= 

9-21039  03719  76182  73607  19658  18737  45683  04044  05954  51509 

19041  33305  21764  185+ 
BesuU  of  "  Bernouilli's  "  =  + 
•00000  00008  33333  33260  00000  03968  26392  66873  02344  87732 

37845  49617  88207  365,  &c. 
E= 
•57721  66649  01632  86060  66120  90082  40243  10421  59335  93995 

36988  06773  64116  391. 

On  comparing  the  value  of  £  when  n  is  taken  10000,  with  former  values 
already  given,  we  cannot  but  conclude  that  the  limits  assigned  to  the  value 
of  E  in  the  Third  Supplementary  Paper  have  been  confirmed,  and  that 
nothing  more  seems  requisite  as  to  the  determining  of  the  numerical  value 
of  this  curious  constant. 

XXIV.  "  On  the  Befraction-Equivalents  of  the  Elements/'     By  J.  H. 
Gladstone^  Ph.D.,  F.R.S.    Received  June  17,  1869. 

(Abstract.) 

This  paper  is  a  continuation  of  the  researches  on  refraction  which  have 
been  already  pubhshed  by  the  author  in  conjunction  with  the  Rev.  T. 
Pelham  Dale*. 

It  is  di?ided  into  two  parts — the  data,  and  the  deductions.  The  data 
consist  of  the  refraction-equivalents  of  some  simple  and  many  compound 
bodies,  calculated  from  the  indices  observed  by  various  chemists  and 
physicists,  or  by  the  author  himself;  together  with  a  series  of  observations 
on  about  150  salts  in  solution.  The  method  of  examining  these,  and  the 
nature  of  the  inference  to  be  drawn  from  such  experiments,  have  already 
been  explained  in  the  Proceedings  of  the  Royal  Society,  1868,  pp.  44 0-* 
444. 

The  deductions  consist  of  a  comparison  of  the  evidence  bearing  on  each 
elementary  substance,  beginning  with  carbon,  hydrogen,  and  oxygen^ 
which  were  in  the  first  instance  detetmined  by  Landolt.  In  the  case  of 
some  elements  all  the  means  of  calculation  lead  to  the  same  number  within 
probable  errors  of  experiment ;  but  in  the  case  of  others  two  or  more 

*  Phil.  Tran-s,  1863,  p.  317. 
VOL.  XVIII.  Y. 
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different  equivalents  are  indicated.  Thus  iron  has  one  valae  m  the  ferroiia 
and  another  in  the  ferric  salts ;  and  the  more  highly  oxidized  compoonda 
of  sulphur,  phosphorus,  arsenic,  and  nitrogen  give  different  namben  from 
those  given  by  their  simpler  combinations.  The  refraction-equivalent  of 
potassium  is  estimated  from  a  variety  of  sources,  and  the  number  tboa 
arrived  at  is  employed  for  the  calculation  of  the  other  metals  that  give 
soluble  salts,  and  for  the  radicals  with  which  they  are  combined. 
The  following  Table  gives  the  general  results  of  these  deductions : — 


Element. 


i 


Aluminium 
Antimony  . 
Arsenic  .... 
Barium  .... 

Boron 

Bromine.... 
Cadmium  . 
Cassium  .... 
Calcium.... 
Carbon  .... 
Cerium  .... 
Chlorine.... 
Chromium . 
Cobalt  .... 
Copper  .... 
Diaymium. 
Fluorine.... 

Gold  

Hydrogen  . 
Iodine    .... 

Iron    

Lead  

Lithium..... 

Magnesium 

Manganese.. 

Mercury 

Nickel 

Nitrogen...., 

Orjrgen  

Palladium  .. 

Phosphorus 

Platinum 

Potassium 

Ry^ium 

BuDidium 

Silicon    .., 

Silver 

Sodium  ... 
Strontium 
Sulphur . . . 
Thallium 

Tin 

Titanium 
Vanadium 

Zinc    

Zirconium 


Atomic 
weight. 


. . ••... . 


27-4 

122 

75 
137 

11 

80 
112 
133 

40 

12 

92 

35-5 

62-2 

68-8 

63-4 

96 

19 

197 

1 

127 

56 

207 

7 

24 

55 
200 

58-8 

14 

16 
106-5 

31 
197-4 

391 
104-4 

85-4 

28 
108 

23 

87-5 

32 
204 
118 

50 

51-2 

65-2 

89-6 


Refraction-oquiTalent. 


8-4 

24-5? 

15*4  (other  values?) 

15-8 
4-0 

15-3    In  dissolved  salts  169 

13-6 

13-7? 

10-4 
50 

13-6? 
9-9    In  dissolved  salts  10*7 

15-9    Inchromate8  23? 

10-8. 

11-6 

12-8? 
1-4? 

24-0? 
1*3    In  hydraoids  3*5 

24-5    In  dissolved  salts  272 

12-0    In  ferric  salts  20-1 
24-8 

3-8 

7-0 

12*2    In  permanganate  262 ? 
20-2? 

10-4 

4*1    In  high  oxides  53 

2-9 
22-4? 

18-3  (other  values?) 
260 

8-1 

24-2? 

140 

7-5  ?    In  silicates  6*8 
15*7? 

4-8 
13-6 

16-0  (other  values  ?) 
21-6? 
19-2? 
25-5? 
25-3? 
10-2 
21-0? 


Specific  refraotiv* 
energy. 


0-307 

0-201? 

0-205 

0115 

0-364 

0191  or  0-211 

0121 

0-103? 

0-260 

0-417 

0148? 

0-279  or  0*301 

0-305  or  0-441  ? 

0-184 

0-183 

0133? 

0-073? 

0-122? 

1*3  or  3-6 

0193  or  0-214 

0-214  or  0*350 

0-120 

0-543 

0-292 

0-222  or  0-476? 

0101  ? 

0-177 

0-293  or  0-379 

0-181 

0-210  ? 

0-590 

0-132 

0*207 

0-232? 

0*164 

0268?  or  0-243 

0-145? 

0-209 

0-155 

0-500 

0-100? 

0-163? 

0-510  ? 

0-494? 

0156 

0-234? 
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The  eqiiiTalento  that  have  heen  deduced  from  only  one  compound,  or  of 
which  the  different  determinations  are  not  fairly  accordant,  are  marked  ? 
in  the  abore  Table. 

The  apeeific  refractive  energy  of  a  body  is  in  some  respects  worthy  of 
more  consideration  than  the  refraction-equivalent,  since,  being  only  the 
refractive  index  minus  1  divided  by  the  density,  it  is  a  physical  property 
independent  of  chemical  theories  as  to  the  atomic  weight.  Among 
Boggeative  facts  are  noticed  the  extreme  energy  of  hydrogen ;  the  existence 
of  pairs  of  analogous  elements  having  the  same,  or  nearly  the  same,  energy, 
— as  bromine  and  iodine,  arsenic  and  antimony,  potassium  and  sodium, 
manganese  and  iron,  nickel  and  cobalt ;  and  that  among  the  metals  capable 
of  forming  soluble  salts  there  is  some  connexion  between  their  power  to 
saturate  the  affinities  of  other  elements,  and  their  power  to  retard  the  rays 
of  h'ght. 


XXV.  "  On  the  Structure  of  the  Cerebral  Hemispheres/'  By  \V. 
H.  Broadbent^  M.D.,  Lecturer  on  Physiology  at  St.  Mary's 
Hospital  Medical  School^  and  Senior  Assistant  Physician  to 
the  Hospital^  Physician  to  the  Fever  Hospital.  Communicated 
by  P.  SiBsoN,  M.D.     Received  June  17,  1869. 

(Abstract.) 

The  object  of  the  investigation  has  been  twofold.  First  and  chiefly,  to 
endeavour  to  ascertain  minutely  the  course  of  the  fibres  by  which  the  con- 
volutions of  the  hemisphere  are  connected  with  each  other  and  with  the 
eras  and  central  ganglia. 

Secondly,  to  endeavour  to  ascertain  whether  there  is  a  constant  similarity 
between  the  corresponding  sides  of  different  brains  as  compared  with  the 
opposite  sides  of  the  same  brain;  and  should  this  be  the  case,  to  endeavour  to 
trace  the  relation  between  any  anatomical  difference  which  might  be  dis- 
covered and  such  physiological  difference  as  seems  in  the  present  state  of 
our  knowledge  to  be  indicated  by  the  association  of  loss  of  the  faculty  of 
language  with  disease  of  the  left  hemisphere  rather  than  the  right. 

The  present  communication  relates  almost  exclusively  to  the  first  branch  of 
the  investigation,  and  the  method  pursued  has  been  to  harden  the  brain  by 
prolonged  immersion  in  strong  spirit,  by  which  the  fibres  are  rendered  per- 
fectly distinct  and  fairly  tenacious,  so  that  with  care  and  patience  their 
course  and  arrangement  may  be  accurately  ascertained. 

Previous  researches  on  the  structure  of  the  cerebrum  have  been  mainly 
directed  to  the  examination  of  the  course  and  distribution  of  the  fibres 
radiating  from  the  crus  and  central  ganglia,  which  have  been  assumed  or 
supposed  to  occupy  ultimately  the  axis  of  every  convolution,  the  different 
convolutions  being  connected  by  fibres  which  crossed  under  the  sulci  from 
one  to  another.     It  is  here  shown  that  the  commissural  communication 
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between  different  parts  of  the  hemisphere  is  much  more  eztensiTe  than  has 
hitherto  been  described,  and  that  the  fibres  more  commonly  run  longitu- 
dinally in  the  conTolutions  than  cross  from  one  to  another^  while  large 
tracts  of  convolutions  have  no  direct  connexion  with  the  cms,  central 
ganglia,  or  corpus  callosum. 

The  preponderance  of  commissural  over  radiating  fibres  is  indicated  by 
a  comparison  of  the  sectional  area  of  the  latter  as  they  issue  from  the 
central  ganglia  with  the  large  surface  of  white  matter  displayed  in  the 
centrum  ovale.  The  dissection  by  which  this  is  shown  in  detail  is  began 
on  the  under  surface  of  the  temporo-  or  occipito-sphenoidal  lobe. 

In  this  lobe  the  fibres  are  almost  entirely  longitudinal  in  their  general 
direction.  From  near  the  apex  fibres  can  be  followed  backwards  in  the 
two  or  three  convolutions  on  the  outer  side  of  the  gyrus  uncinatos  to  near 
the  centre  of  this  surface  of  the  lobe,  where  they  end  in  the  grey  matter  of 
a  sort  of  lobule  which  I  have  ventured  to  call  the  collateral  lobule.  From 
the  collateral  lobule  other  fibres  pass  to  the  convolutions  at  the  occipital 
extremity  of  the  lobe,  to  convolutions  on  its  outer  side  and  to  the  calcarine 
end  of  the  uncinate  gyrus.  These  convolutions,  comprising  all  those  of  the 
temporo-sphenoidal  lobe  except  the  gyrus  uncinatus,  the  infra-marginal 
and  parallel  gyri,  and  the  continuation  of  the  two  latter  round  the  apex 
receive  no  fibres  whatever  from  the  cms,  central  ganglia  or  corpus  callosum, 
but  the  ant.  commissure  spreads  into  them. 

Beneath  these  is  a  beautiful  plane  of  fibres  which  forms  the  floor  of  the 
descending  cornu  of  the  lateral  ventricle,  except  at  the  anterior  end ;  it 
forms  the  floor  also  of  the  ventricle  at  the  entrance  to  the  cornu,  t.  e,  in  the 
eminentia  accessoria  and  of  the  posterior  cornu  ;  but  here  fibres  of  the  C. 
callosum  are  mingled  with  those  of  the  plane  spoken  of.  This  plane  is 
formed  as  follows  :  along  the  axis  of  the  lobe,  in  the  hollow  left  by  the 
removal  of  the  superficial  convolutions,  runs  a  band  of  fibres  from  the  apex 
to  the  posterior  extremity  ;  anteriorly  this  band  contains  numerous  fibres^ 
but  in  passing  backwards  they  spread  out  towards  the  inner  border  of  the 
lobe  into  a  continuous  lamina,  which  rests  upon  the  lining  membrane  of 
the  ventricle  and  its  cornua.  Some  of  the  fibres  run  in  the  upper  wall  of 
the  calcarine  fissure  to  the  postero-parietal  lobule,  others  form  a  layer  in 
the  lower  wall  of  this  fissure,  t.  e.  in  the  calcarine  division  of  the  gyms  unci- 
natus. The  G.  uncinatus  remains  as  an  elevation  along  the  inner  side  of 
the  shallow  valley  resulting  from  the  dissection  described,  little  encroached 
upon  by  it ;  its  superficial  fibres,  however,  must  be  removed  to  display  the 
plane  just  mentioned.  It  incloses  the  cornu  of  the  ventricle  and  the  hippo- 
campus, and  is  thus  not  a  solid  mass.  Its  fibres  can  be  divided  into  two 
layers,  a  superficial  set,  the  general  direction  of  which  is  from  the  outer  or 
collateral  side  anteriorly,  backwards  and  inwards  to  the  grey  matter  on  its 
flat  surface  ;  and  a  deeper  set,  the  fibres  of  which  at  the  anterior  part  of 
the  gyms  occupy  its  entire  width,  in  passing  backwards  they  converge,  and 
near  the  inner  border  have  a  twisted  arrangement,  the  inner  fibres  passing 
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beneath  the  outer  to  the  grej  matter  of  the  hippocampus  and  to  the 
spleniom  C.  calloai^  the  outer  fibres  crossing  over  and  reaching  the  upper 
wall  of  the  calcarine  fissure,  in  which  thej  pass  to  the  posteroparietal 
lobule  and  to  the  callosal  gyrus. 

The  anterior  enkrged  extremity  of  the  uncinate  gyrus,  sometimes  called 
the  uncinate  lobule,  is  connected  by  bands  of  fibres  with  Tarious  parts ;  it 
18  Terj  firmly  adherent  to  the  subjacent  structures,  and  when  torn  away 
leaves  a  patch  of  exposed  grey  matter,  which  has  been  named  the  internal 
grey  nucleus.  This  is  about  in  the  same  transverse  line  with  the  C. 
albicans,  a  little  to  the  outer  side  of  the  optic  tract. 

By  the  removal  of  the  uncinate  lobule  and  gyrus  fibres  can  be  seen  to 
pais  from  the  apex  of  the  lobe  forwards  in  the  fasciculus  uncinatus,  back- 
wards and  inwards  along  the  roof  of  the  cornu  to  the  thalamus,  and  inwards 
to  the  grey  nucleus. 

On  further  dissection,  which  will  consist  in  tracing  tlie  fibres  from  the 
apex  backwards  to  various  parts,  and  in  removing  little  by  little  more  of  the 
convolutions  along  the  outer  edge  of  the  lobe,  and  in  a  careful  investigation 
of  the  parts  about  the  calcarine  fissure,  the  following  appearances  will  be 
presented. 

Along  the  axis  of  the  lobe  a  longitudinal  ridge  with  a  slight  convexity 
outwards,  prominent  posteriorly,  subsiding  anteriorly.  On  its  inner  side, 
from  behind  forwards,  first  the  posterior  cornu :  next  the  outer  wall  of  the 
ventricle,  where  the  comua  enter  it ;  this  is  formed  by  fibres  curving 
directly  backwards  into  the  ridge  from  the  thalamus  (also  from  crus  and 
corpus  striatum,  but  more  deeply),  they  are  crossed  transversely,  however, 
by  a  thin  lamina  of  fibres  from  the  under  surface  of  the  splenium,  which 
bend  down  from  the  roof  of  the  ventricle  and  then  curve  forwards  in  the 
ridge :  next  the  posterior  end  of  the  thalamus,  which  bends  forwards  round 
the  crus,  and  gives  oflF  forwards  from  a  pointed  extremity  the  optic  tract 
and  laminsB  of  fibres  on  the  outer  side  of  this,  which  run  above  the  roof  of 
he  cornu  to  the  apex.  Anteriorly  this  longitudinal  ridge  is  continuous 
with  the  fasciculus  uncinatus,  and  on  its  inner  side  are  the  internal  grey 
nucleus,  and  more  anteriorly  the  anterior  perforated  space  between  which 
the  anterior  commissure  dips  forwards  and  inwards  in  its  canaL 

On  the  outer  side  of  the  ridge  fibres  may  be  seen  to  start  at  the  edge  of 
the  lobe,  run  inwards  to  the  ridge,  and  curve  forwards  in  itj  to  leave  it 
again  on  its  outer  or  inner  side,  or  to  p(^s  with  it  to  the  fasciculus  un- 
cinatus. 

A  bundle  of  fibres  taken  up  from  the  posterior  part  of  the  ridge  would 
pass  mainly  to  the  thalamus  ;  but  some  would  proceed  forwards  in  the 
ridge,  and  either  turn  outwards  to  some  part  of  the  inframarginal  gyrus 
or  apex,  or  inwards  to  the  internal  grey  nucleus,  or  behind  it.  Others 
again  go  on  in  the  F.  uncinatus. 

Fibres  taken  from  the  middle  part  of  the  ridge,  and  traced  backwards, 
would  mostly  curve  outwards  to  some  part  of  the  outer  edge  of  iVv^  V)\^^) 
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but  some  would  go  to  tbe  tip ;  followed  forwards^  they  spread  out  into  a 
thin  fan«  and  pass  to  the  rarious  points  already  indicated. 

By  repetition  of  this  process  the  teraporo-sphenoidal  lobe  will  bei 
exhausted,  with  the  exception  of  a  considerable  lamina  of  fibres  from  the 
posterior  part  of  the  inframarginal  gyrus^  which  passes  backwards  and 
inwards  to  the  end  of  the  fissure  of  Sylvius,  round  which  it  curves  into  thei 
supramarginal  gyrus,  and  another  large  band  from  the  posterior  end  of  the 
parallel  gyrus,  which  curves  upwards  and  turns  forwards  in  the  axis  of  the 
parietal  lobe  close  behind  the  fibres  which  curve  upwards  from  the  corpus 
.  callosum  to  the  margin  of  the  longitudinal  fissure. 

It  should  be  added  that  large  bands  of  fibres  run  obliquely  backwards  in 
the  parallel  gyrus  to  the  bottom  of  the  sulcus  of  the  same  name,  under 
which  they  turn  to  the  inframarginal  gyrus.  When  these  are  removed,  the 
deep  parallel  sulcus  is  converted  into  a  deep  narrow  valley. 

The  fasciculus  uncinatus,  in  the  dissection  just  described,  has  been  seen 
to  receive  fibres  from  the  occipital  extremity  of  the  hemisphere,  and  from 
various  convolutions  along  its  outer  side,  occipital,  annectent,  angular, 
parallel,  and  inframarginal ;  fibres  are  traceable  into  it  also  from  the 
internal  grey  nucleus,  these  mostly  lying  beneath  those  from  the  convolu- 
tions, and  it  is  probable  that  a  few  fibres  from  the  thalamus  and  splenium 
find  their  way  into  it.  As  it  emerges  from  under  the  temporo-sphenoidal 
lobe  to  cross  the  entrance  to  the  fissure  of  Sylvius,  it  receives  a  considerable 
contribution  from  the  overhanging  apex  of  this  lobe,  and  some  from  the 
uncinate  lobule.  Its  general  direction  is  forwards ;  but  a  superficial  set  of 
fibrse  mainly  from  the  apex  of  the  temporo-sphenoidal  lobe,  passes  inward 
as  well  as  forwards,  and  spreads  out  mainly  to  the  edge  of  the  longitudinal 
fissure,  passing  under  the  olfactory  sulcus ;  another  lamina  appears  from 
beneath  the  edge  of  this,  having  a  still  more  transverse  direction,  and  its 
fibres  go  to  the  rostrum  corporis  callosi,  and  to  the  callosal  gyrus,  detaching 
the  pointed  origin  of  this  convolution  from  the  anterior  perforated  space. 
The  fibres  passing  directly  forwards  spread  out  under  the  orbital  convolu- 
tions to  end  in  the  grey  matter  around  the  edge  of  thb  lobule,  some  of  the 
more  superficial  turning  into  one  or  two  of  the  gyri  at  its  posterior  and 
outer  margin.  Deeper  fibres  run  outwards  as  well  as  forwards,  beneath  the 
convolutions  of  the  island  of  lleil  to  the  posterior  part  of  the  inferior 
frontal  gyrus  ;  this  is  a  tract  of  considerable  size. 

The  convolutions  of  the  orbitar  lobule  being  entirely  superficial  to  the 
radiating  fibres  of  the  fasciculus  imcinatus,  must  be  added  to  those  on  the 
under  surface  of  the  temporo-sphenoidal  lobe  as  belonging  to  the  class 
which  have  no  direct  central  communications. 

To  this  class  also  must  be  added,  with  a  reservation  to  be  noted  presently, 
the  gyri  operti  of  the  island.  The  summit  and  the  anterior  convolutions 
rest  upon  the  part  of  the  F.  uncinatus  which  passes  to  the  outer  comer  of 
the  orbitar  lobule  and  the  third  frontal  gyrus,  and  the  fibres  arising  in  the 
grey  matter  of  this  portion  of  the  island  curve  forwards  across  the  fissure  to 
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Uie  same  convolutioiis ;  the  corner  of  the  orbital  lobule  in  fact  is  carried 
away  entirely  bj  the  fibres  from  the  fasciculus  and  island.     In  the  same 
WBj  fibres  starting  in  the  remaining  convolutions  of  the  island  cross  the 
fissure  and  turn  up  in  the  supramarginal  gyrus,  leaving  the  outer  surface  of 
the  C.  striatom  perfectlj  smooth,  and  converting  the  Sylvian  fissure  into  a 
deep  wide  valley.    The  wall  of  the  C.  striatum  thus  exposed  consists  of  a 
lamina  of  fibres,  which  radiate  in  all  directions  from  a  small  patch  of  grey 
matter  laid  bare  at  the  middle  and  highest  point  of  the  eminence  this 
ganglion  forms  as  seen  from  this  aspect ;  and  it  is  possible  that  there  may 
be  here  some  sort  of  continuity  or  connexion  between  the  grey  matter  of  the 
C.  striatum  and  the  overlying  part  of  the  convolutions  of  the  island. 
Except  at  this  point,  the  convolutions  are  separated  from  the  C.  striatum 
by  a  very  distinct  plane  of  fibres. 

The  gyri  operti  are  thus  connected  mainly  with  the  supramarginal 
gyms  and  its  continuation  along  the  anterior  wall  of  the  fissure.  Some 
fibres^  however,  pass  from  the  grey  matter  of  the  overhanging  inframarginal 
gyms  near  the  apex  into  the  corresponding  part  of  the  island,  and  about 
the  grey  nucleus  exposed  at  the  summit  of  the  C.  striatum  deep  fibres  from 
the  posterior  extremity  of  the  hemisphere  and  from  the  F.  uncinatus  seem 
to  join  both  the  nucleus  and  the  overlying  grey  matter  of  the  island. 

The  temporo-sphenoidal  lobe  having  been  gradually  removed,  and  with 
it  a  great  part  of  the  occipital  lobe,  a  stage  of  the  dissection  is  reached  at 
which  the  distribution  of  the  fibres  of  the  splenium  C.  callosi  and  the  rela- 
tions of  the  cms  and  central  ganglia,  as  seen  from  the  under  aspect,  may 
be  conveniently  described. 

On  the  inferior  surface  of  the  posterior  extremity  of  the  C.  callosum  is 
seen  a  transverse  flattened  elevation,  which  may  be  compared  to  the 
rostrum  at  the  anterior  extremity  on  a  smaller  scale  and  adherent  to  the 
body  of  the  great  commissure.  It  would  thus  be  looked  upon  as  a  re- 
curved part  of  the  C.  callosum.  In  the  middle  line  it  is  adherent,  but  the 
fibres  it  sends  transversely  outwards  leave  the  C.  callosum  proper,  and 
bend  downwards  so  as  to  cross  the  floor  of  the  ventricle  instead  of  the  roof ; 
they  pass  to  the  hippocampus  major  and  minor,  which  they  contribute  to 
form,  and  run  across  the  eminentia  accessoria,  and  along  the  floor  of  the 
posterior  comu. 

The  hippocampus  minor  is  formed  by  the  projection  into  the  posterior 
comu  of  the  bottom  of  the  calcarine  fissure ;  but  an  incision  through  the 
bottom  of  the  fissure  into  the  cornu  would  not  split  up  the  hippocampus, 
but  would  leave  it  attached  entire  to  the  upper  wall  of  the  cornu.  The 
fibres  from  the  splenium,  which  contribute  to  the  formation  of  the  hippo- 
campus minor,  run  longitudinally  along  it  immediately  beneath  the  lining 
membrane  of  the  ventricle,  and  when  reached  by  dissection  from  without 
present  a  delicate  lamina  in  the  form  of  a  groove  between  two  curved 
tracts  passing  backwards  to  the  posterior  extremity  of  the  hemisphere, 
the  upper  from  the  C.  callosum  proper,  the  lower  from  its  recurved 
process. 
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The  hippocampus  major  maj  be  briefly  described  as  a  carred  grooTe  or 
"  gutter  "  (Gratiolet)  of  fibres,  the  upper  border  of  which  is  formed  by  the 
posterior  pillar  of  the  fornix,  while  the  lower  is  concealed  by  the  gyma 
uncinatus,  the  grey  matter  of  which  folds  over  it  into  the  groove,  and 
after  reaching  the  bottom  bends  up  the  other  wall  for  a  short  distance 
forming  the  plicated  "  C.  fimbriatum/'  or  "  Pli  godronntf.*'  The  outer 
surface  of  the  case  of  fibres  is  smooth,  and  for  the  most  part  free  in  the  de- 
scending comu ;  it  adheres  to  the  inferior  wall  formed  by  the  plane  of 
fibres  previously  described,  but  can  easily  be  detached.  The  course  of  the 
fibres  forming  the  case  or  groove  is  from  the  lower  edge  backwards  and 
upwards  round  the  convexity  to  the  upper  edge,  where  they  pass  into  the 
pillar  of  the  fornix,  or  where  the  hippocampus  joins  the  spleninm,  into 
the  recurved  process.     Further  details  are  given  in  the  paper  itself* 

The  fibres  crossing  the  floor  of  the  ventricle  curve  forward,  apparently 
towards  the  apex,  but  are  too  few  to  be  followed  absolutely  to  their 
termination. 

From  the  body  of  the  C.  callosum,  at  its  posterior  part,  the  fibres  mostly 
radiate  backwards  and  outwards  into  the  cuneus  and  occipital  lobe  generally ; 
but  a  considerable  number  on  the  under  surface  bend  from  the  roof  of  the 
ventricle  down  its  outer  wall,  across  the  longitudinal  fibres  firom  the 
thalamus,  &c.,  and  curve  forwards  in  the  ridge.  A  considerable  propor- 
tion of  these  has  been  traced  to  the  internal  grey  nucleus,  others  seem  to 
pass  forwards  to  the  grey  matter  near  the  apex  of  the  temporo^sphenoidal 
lobe. 

The  relations  of  the  cms  and  great  central  ganglia  may  be  described  as 
follows.  The  crus,  as  it  plunges  into  the  hemisphere,  is  encircled  on  its 
inferior  aspect  by  the  optic  tract ;  it  then  expands  into  a  large  fan  of 
fibres,  the  edges  of  which  are  antero-posterior,  the  surfaces  obliquely  up- 
wards and  inwards,  and  downwards  and  outwards.  The  two  great  ganglia, 
the  C.  striatum  and  thalamus  may  be  said  to  sit  astride  the  anterior  and 
posterior  edge  respectively  of  the  fan,  each  having  an  intra-  and  extraven- 
tricular  part,  the  C.  striatum  being  much  the  larger,  and  situate  above,  as 
well  as  in  front  of  the  thalamus. 

When  the  optic  tract  is  removed,  the  groove  in  which  it  rests  is  seen  to 
present  fibres  having  the  same  general  direction  round  the  crus ;  they 
have  been  called  by  Gratiolet  **  Tanse  du  pedoncJe,"  a  term  which  may  be 
translated  by  the  expression  "  the  collar  of  the  crus."  The  most  conspi- 
cuous part  of  the  collar  consists  of  fibres  from  the  thalamus,  which  curve 
forward  round  the  crus  to  end  in  the  tuber  cinereum,  or  run  up  in  the 
wall  of  the  third  ventricle  to  the  velum  interpositum,  &c.  Within  this 
fibres  are  seen  to  turn  forwards  from  the  posterior  border  of  both  crust  and 
tcgment  of  the  cms,  to  end  in  the  C.  striatum,  and  anteriorly  a  consider- 
able mass  of  fibres  from  the  tegmentum  curves  with  a  bold  sweep  round  the 
edge  of  the  crust,  and  passes  backwards  and  outwards  into  this  same 
ganglion. 


1869.]  qfihe  Cerebral  HemiephereB.  57 

The  ezta-Tentrienlar  part  of  the  thakmus  is  seen  in  the  descending 
coma  corring  round  the  cms.  From  its  anterior  pointed  extremity  it  is 
continued  onwards  by  the  optic  tract,  and  it  sends  fibres, — 1.  Forwards  in 
the  ooUar  of  the  cms.  2.  Forwards  and  outwards  to  the  convolutions 
about  the  apex  in  a  succession  of  Umin»,  the  deeper  fibres  passing  more 
outwards  than  the  superficial  sets,  and  emerging  from  under  them  along 
the  outer  edge  of  the  roof  qf  the  ccMrnu.  3.  From  under  the  fibres  which 
pass  forwards,  it  sends  backwards  a  large  mass  along  the  outer  wall  of  the 
▼eutriole  and  posterior  comu  to  the  occipital  end  of  the  hemisphere. 

The  extrarentricular  corpus  striatum  has  been  exposed  on  two  sides ;  it 
forms  a  very  large  mass,  and  has  a  large  rounded  anterior  end,  while  pos- 
teriorly it  narrows  to  a  tail-Uke  extremity.  The  outer  aspect  forms  an 
elongated  eminence,  nsing  out  of  the  Sylvian  valley,  highest  at  the  centre, 
Bubnding  towards  each  end ;  at  the  summit  is  the  external  grey  nucleus, 
firom  which  radiate  fibres  forwards,  backwards,  and  outwards.  Those 
passing  forwards  form  a  large  bundle ;  they  spread  out  into  a  fan,  and 
proceed  mainly  to  the  third  frontal  convolution  ;  those  passing  backwards 
accompany  the  fibres  from  the  thalamus  to  the  occipital  extremity  of  the 
hemisphere;  those  passing  outwards  with  varying  degrees  of  obliquity 
descend  the  wall  of  the  ganglion  to  the  Sylvian  valley  ;  but  instead  of 
crossing  it  to  the  convolutions  on  the  other  side,  as  might  be  expected 
from  the  apparent  continuity  of  the  walls  and  floor,  dip  between  the  fibres 
of  the  floor,  which  are  the  radiating  fibres  of  the  crus  issuing  from  the 
C.  striatum,  and  pass  to  convolutions  in  the  frontal  lobe.  A  remarkable 
fact  respecting  the  planes  of  radiating  fibres  which  form  the  limiting  wall 
of  the  C.  striatum  on  this  aspect  is,  that  the  fibres  all  seem  to  have  their 
origin  in  the  small  patch  of  grey  matter  here  called  the  external  grey 
nucleus,  and  they  come  ofif  clean  from  the  mass  of  soft  grey  matter  forming 
the  body  of  the  ganglion. 

On  the  under  surface  of  the  C.  striatum,  which  is  flat,  are  seen  the 
internal  grey  nucleus  and  the  anterior  perforated  space,  between  which  the 
anterior  commissure  passes  outwards  and  backwards  from  the  ventricle  in 
a  distinct  canal  to  emerge  on  this  surface.  The  external  grey  nucleus  also 
appears  in  the  outer  border,  and  is  about  in  the  same  transverse  line  as  the 
C.  albicans  and  internal  grey  nucleus,  from  which  last  it  is  only  separated 
by  a  narrow  band  of  longitudinal  fibres.  Here  again  the  planes  of  fibres, 
which  form  the  limiting  wall  of  the  ganglion,  end  in  the  grey  nuclei,  and 
seem  to  have  no  communication  with  the  mass  of  soft  grey  matter  they 

inclose. 

The  anterior  edge  of  the  fan-like  expansion  of  the  crus  emerges  from 
the  large  end  of  the  C.  striatum,  and,  properly  speaking,  divides  the 
intra-ventricular  C.  striatum  from  the  extra-ventricular  division ;  the  an- 
terior perforated  space,  being  on  the  inner  side  of  the  radiating  fibres, 
belongs  to  the  former. 

Before  the  dissection  of  the  fronto-parietal  portion  of  the  Yiexcaif\i^i%\ik 
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described,  a  brief  account  is  given  of  the  intrarentricnlar  thahuniu  and 
C.  striatum.  • 

When  the  taenia  semicircularis  is  remoTed,  and  the  edge  of  the  C. 
striatum  pushed  back,  large  rounded  cords  of  fibres  are  seen  radiating 
outwards  in  all  directions  from  the  thalamus  with  the  fibres  of  the  cnis^ 
posteriorly  slender  flat  bands  of  fibres  curve  backwards  from  the  narrow- 
ing extremity  of  the  C.  striatum  to  dip  down  between  them  (together  with 
fibres  apparently  belonging  to  the  taenia)  ;  they  can  be  traced  through  the 
fan  of  radiating  fibres  to  the  extraventricular  C.  striatum.  Anteriorly  the 
soil  grey  matter  of  the  C.  striatum  fills  the  spaces  between  the  diverging 
cords ;  but  no  distinct  origin  of  fibres  in  the  mass  of  grey  matter  is  here 
met  with. 

The  plan  of  construction  of  the  frontoparietal  portion  of  the  hemisphere 
seems  to  be  as  follows : — 

The  C.  callosum  divides  into  two  main  planes  of  fibres,  one  of  whidi 
turns  up  to  the  margin  of  the  great  longitudinal  fissure,  the  other  passes 
onward  to  the  supramarginal  gyrus  of  the  fissure  of  Sylvius.    The  radiat- 
ing central  fibres  approach  the  under  surface  of  these  at  the  acute  angle, 
and  pass  obliquely  between  them  before  the  ascending  and  descending 
planes  have  well  separated  from  each  other,  the  central  as  well  as  the 
callosal  fibres  going  mainly  to  the  margins  of  the  hemisphere.     An  angle 
is  thus  left  along  the  axis  of  the  frontal  and  parietal  lobes,  which  is  occupied 
by  a  vast  longitudinal  system  of  fibres,  some  of  which  have  already  been 
mentioned  as  entering  this  part  of  the  hemisphere  from  the  temporo<sphe- 
noidal  lobe.     Large  bands  turn  upwards  and  then  forwards  from  the 
parallel  and  angular  gyri,  that  from  the  parallel  g3rrus  running  forward 
close  behind  the  ascending  callosal  lamina;   other  fibres  turn  forwards 
from  the  annectent  gyri,  and  more  anteriorly  from  the  posteroparietal  lobule; 
still  further  forwards  some  of  these  fibres  coming  from  behind  bend  upwards, 
and  end  in  the  parietal  convolutions  ;  while  others  start  in  the  same  gyri, 
and  pass  forwards,  the  principle  of  construction  being  apparently  simple, 
but  the  details  extremely  intricate.     At  the  decussation  the  central  and 
callosal  fibres  are  worn  into  a  compact  inextricable  mass,  and  the  difficulty 
of  following  the  different  sets  is  increased  by  the  fact  that  the  central 
fibres  are  not  transverse  in  direction  like  those  of  the  C.  callosum,  but 
mostly  very  oblique  backwards  or  forwards,  as  may  best  be  seen  by  exa- 
mining the  bands  radiating  under  the  C.  striatum  from  the  thalamus ; 
this  necessitates  corresponding  obliquity  in  tbe  fissures  through  which  the 
central  fibres  penetrate  the  C.  callosum.     A  few  fibres  from  the  under 
surface  of  the  C.  callosum  turn  inwards  to  the  centres  ;  but  the  statement 
of  Gratiolet  that  all  the  fibres  of  this  commissure  can  be  traced  from  the 
central  radiations  on  one  side  to  the  convolutions  on  the  other,  is  not 
confirmed. 

The  detailed  dissection  of  the  parieto-frontal  convolutions  need  not  be 
given  here.     It  will  be  sufficient  to  mention  that  the  posteroparietal  and 
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■ojnramaigiiud  lobnleB  are  connected  by  numerous  bands  of  fibres,  that  the 
•aceoding  parietal  gyri  hare  central  and  callosal  fibres  entering  their  extre-' 
mitiesy  the  middle  portion  receiving  comparatively  few ;  the  first,  however, 
aometiiiies  called  the  ascending  frontal  gyrus,  seems  to  have  numerous 
fibres  from  the  centres  and  C.  callosum  along  its  entire  length.  The 
second  frontal  convolution  sends  bands  of  fibres  obliquely  to  the  two 
others,  and  has  fewer  radiating  fibres  than  they  have.  When  it  is  removed, 
fibres  can  be  traced  transversely  across  the  valley  left  from  the  first  to  the 
third. 

A  few  additional  particulars  are  given  respecting  the  arrangement  and 
coorae  of  the  fibres  in  the  callosal  and  marginal  gyri  on  the  internal  surface 
of  the  hemisphere,  and  the  contrast  between  the  thalamus  and  C.  striatum 
as  to  structure  and  relations  is  pointed  out,  the  thalamus  sending  large 
masses  of  fibres  in  every  direction,  chiefly  with  the  radiating  cms,  the 
corpus  striatum  consisting  of  soft  grey  matter  enclosed  in  fibrous  planes 
which  arise  in  the  comparatively  small  grey  nuclei,  and  have  apparently  no 
communication  with  the  main  body  of  the  ganglion.  The  thalamus  again 
does  not  seem  to  receive  terminating  ascending  fibres,  while  both  divisions 
of  the  cms  give  off  numerous  fibres,  which  are  seen  to  end  in  the  C' 
striatum. 

The  differences  in  naked-eye  appearances  indicate  differences  in  the  rela- 
tions  between  cells  and  fibres  in  the  two  ganglia,  the  exact  nature  of  which 
can  be  ascertained  only  by  the  microscope. 

XXVI.  "  On  the  Rhizopodal  Fauna  of  the  Deep  Sea/'    By  William 
B.  Carpenter^  M.D.,  V.P.R.S.     Received  June  17, 1869. 

(Abstract.) 

The  Author  commences  by  referring  to  the  knowledge  of  the  Rhizopo- 
dal Fauna  of  the  Deep  Sea  which  has  been  gradually  acquired  by  the 
examination  of  specimens  of  the  bottom  brought  up  by  the  Sound- 
ing-apparatus ;  and  states  that  whilst  this  method  of  investigation  has 
made  known  the  vast  extent  and  diffusion  of  Foraminiferal  life  at  great 
depths, — especially  in  the  case  of  Globigerina-mudy  which  has  been  proved 
to  cover  a  large  part  of  the  bottom  of  the  North  Atlantic  Ocean, — ^it  has 
not  added  any  new  Generic  types  to  those  discoverable  in  comparatively  shal- 
low waters.  With  the  exception  of  a  few  forms,  which,  like  Globigerina^ 
find  their  most  congenial  home,  and  attain  their  greatest  development,  at 
great  depths,  the  general  rule  has  seemed  to  be  that  Foraminifera  are  pro- 
gressively dwarfed  in  proportion  to  increase  of  depth,  as  they  are  by  a 
change  from  a  warmer  to  a  colder  climate  ;  those  which  are  brought  up  from 
great  depths  in  the  Equatorial  region  bearing  a  much  stronger  resemblance 
to  those  of  the  colder-temperate,  or  even  of  the  Arctic  seas,  than  to 
the  littoral  forms  of  their  own  region. 

The  Author  then  refers  to  the  recent  researches  of  Prof.  IL\ix\«^  ^^^tl 
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the  indefinite  protoplasmic  expansion  which  he  names  Baihybius,  and  which 
seems  to  extend  itself  over  the  ocean-bottom  under  great  varieties  of  depth 
and  temperature,  as  among  the  most  important  of  the  results  obtained  bj 
the  Sounding-apparatus. 

By  the  recent  extension  of  Dredging-operations,  however,  to  depths 
previously  considered  beyond  their  reach,  very  important  additions  have 
been  made  to  the  Foraminiferal  Fauna  of  the  Deep  Sea.  Several  new 
generic  types  have  been  discovered,  and  new  and  remarkable  variettes 
of  types  previously  known  have  presented  themselves.  It  is  not  a  Uttk 
curious  that  all  the  new  types  belong  to  the  Family  Lituolida, — con- 
sisting of  Foraminifera  which  do  not  form  a  calcareous  shell,  but  construct 
a  ''  test"  by  the  agglutination  of  sand-grains, — which  was  first  constituted 
as  a  distinct  group  in  the  author's  '  Introduction  to  the  Study  of  the  Fora- 
minifera* (J  862).  The  first  set  of  specimens  described  seems  referable  to 
the  Genus  Proteonina  of  Prof.  Williamson  ;  but  the  test,  instead  of  being 
composed  (as  in  his  specimens)  of  sand-grains,  is  constructed  of  sponge- 
spicules,  cemented  together  with  great  regularity,  so  as  to  form  tubes, 
which  are  either  fusiform  or  cylindrical,  being  in  the  former  case  usually 
more  or  less  curved,  and  in  the  latter  generally  straight.  Of  the  genua 
Trochammina  (Parker  and  {ones),  many  examples  were  found  of  consider- 
able size,  resembling  Nodosarians  in  their  free  moniliform  growth,  but 
having  their  tests  constructed  of  saud-grains  very  firmly  cemented  to- 
gether, with  an  intermxure  of  fragments  of  sponge-spicules,  which  give  a 
hispid  character  to  the  surface. — The  Genus  Rhabdammina  of  Prof.  Sara 
is  based  on  a  species  (the  R,  abi/ssorum)  first  obtained  in  his  Son's  dredg- 
ings,  of  which  the  test  is  very  regularly  triradiate,  sometimes  quadrira- 
diate,  and  is  composed  of  sand-grains  very  regularly  arranged,  and  firmly 
united  by  a  ferruginous  cement.  Not  only  was  this  type  represented  by 
numerous  specimens  in  the  '  Lightning'  dredgings,  but  another  yet  more 
considerable  collection  was  formed  of  irregularly  radiating  and  branching 
tubes,  which  are  composed  of  an  admixture  of  sand-grains  and  sponge- 
spicules,  united  by  ferruginous  cement.  These  seem  to  originate  in  a 
"primordial  chamber"  of  the  same  material,  which  extends  itself  into  a 
tube  that  afterwards  branches  indefinitely.  This  type  may  be  designated 
R.  irregularis, — Of  the  protean  Genus  Lituola  (Lamarck),  a  large  form 
was  met  with,  which  bears  a  strong  resemblance  to  the  Z.  Soldani  of  the 
Sienna  Tertiaries.  Its  nearly  cylindrical  test  is  composed  of  sand-grains 
very  loosely  aggregated  together,  forming  a  thick  wall ;  and  its  cavity  is 
divided  by  septa  of  the  same  material  into  a  succession  of  chambers, 
arranged  in  rectilineal  series,  each  having  a  central  orifice  prolonged  into 
a  short  tube. — The  Genus  Astrorhiza,  instituted  a  few  years  ago  by  Dr. 
O.  Sandahl,  was  represented  by  a  wide  range  of  forms,  referable  to  two  prin- 
cipal types, — the  one  an  oblate  spheroid,  with  irregular  radiating  prolonga- 
tions, the  other  more  resembling  a  stag's  horn,  with  numerous  digitations, — 
passing  into  one  another  by  insensible  gradations.     The  composition  of 
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its  tliick  arenaceous  test  is  exactly  the  same  as  that  of  the  test  of  the 
Idtuola  found  on  the  same  hottom ;  but  its  cavity  is  undivided,  and  there 
is  no  proper  orifice,  the  pseudopodial  extensions  having  apparently  found 
their  way  out  between  the  sand-grains  that  formed  the  termination  of  the 
radiating  extensions  or  digitations. — The  Genus  Saccamina  (Sars)  is  cha^ 
racterized  by  a  very  regular  spherical  test,  built  up  of  large  angular  sand- 
grains  strongly  united  by  ferruginous  cement,  which  are  so  arranged  as  to 
form  a  wall-surface  well  smoothed  off  externally,  whilst  its  interior  is 
roughened  by  their  angular  projections.  The  cavity  is  undivided,  and  is 
famished  with  a  single  orifice,  which  is  surrounded  by  a  tubular  pro- 
longation of  the  test,  giving  to  the  whole  the  aspect  of  a  globular  flask. 

The  family  Miliolida,  consisting  of  Porcellanous- shelled  Foraminifera, 
was  represented  at  the  depth  of  530  fathoms  by  a  Comuspira  foliaeea  of 
extraordinary  size ;  and  at  the  depth  of  650  fathoms  by  a  series  of  Biloeu^ 
lituBf  of  dimensions  not  elsewhere  seen  except  in  tropical  or  subtropical  regions. 
Of  the  family  Globigerinida  a  considerable  number  of  forms  presented 
themselves ;  but  with  the  exception  of  the  ordinary  Globigerina  and  Orbu'' 
UnOf  these  were  not  remarkable  either  for  number  or  size.    The  Globi^' 
gerina-mud  brought  up  in  large  masses  by  the  Dredge,  exhibited  the  same 
composition  as  had  been  previously  determined  by  the  examination  of  Sound- 
ings ;  but  it  included  a  large  amount  of  animal  life  of  higher  types,  whilst 
it  seemed  everywhere  permeated  by  the  protoplasmic  Bathybius  of  Huxley, 
as  described  in  the  Author's  **  Preliminary  Report."    The  Globigerime  vary 
enormously  in  size ;  and  the  Author  gives  reason  for  the  belief  that  this 
variation  is  not  altogether  the  result  of  growth,  but  that  many  small  as  well 
as  large  individuals  have  (speaking  generally)  attained  their  full  dimensions. 
He  describes  the  sarcodic  body  obtained    by  the  decalcification  of  the 
shell ;  and  discusses  the  question  whether  (as  some  suppose)  Orbulina  is 
the  reproductive  segment  of  Globigerina,  as  to  which  he  inclines  to  a 
negative  conclusion.    He  describes  the  curious  manner  in  which  the  shells 
of  Globifferina  are  worked-up  into  cases  for  Tubicolar  Annelids ;  of  which 
cases  several  different  types  presented  themselves,  the  Foraminiferal  shells 
in  some  of  them  being  combined  with  sponge-spicules. — A  remarkably  fine 
specimen  of  Textularia  was  met  with  alive,  of  which  the  porous  shell  was 
encased  by  sand-grains ;  this  being  laid  open  by  section  showed  the  sar- 
codic body  of  an  olive-greenish   hue,  corresponding  with  that  of  the 
Lituola  and  Astrorhiea  also  found  alive. — Several  Rotaline  types  pre- 
sented themselves  sparingly  in  the  Globigerina-mud,  which  are  specially 
characteristic  of  the  Cretaceous  Formation. 

The  family  Lagenida  was  represented  not  merely  by  its  smaller  forms, 
but  also  by  a  large  and  beautiful  living  Crtstellaria,  that  closely  corre- 
sponds with  one  of  the  forms  described  by  Fichtel  and  Moll  from  the 
Siennese  Tertiaries,  whilst  even  exceeding  it  in  dimensions. 

These  regults  conclusively  show  that  reduction  in  the  Size  oi Foraminifera 
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cannot  be  attributed  to  increase  of  Pressure ;  since  the  examples  of  Obrmr- 
spira,  Biloculina,  and  Cristellaria  found  at  depths  exceeding  500  fathomfy 
wereyar  larger  than  any  that  are  known  to  exist  in  the  shallower  watera  of 
the  colder  temperate  zone.  But  as  these  all  occurred  in  the  warm  aremt 
whose  bottom-temperature  indicates  a  movement  of  water  from  the  Equa- 
torial towards  the  Polar  region,  it  is  probable  that  their  size  is  related  to 
the  temperature  of  their  habitat,  which  is  found  to  be  in  like  relation  to 
the  general  character  of  the  Fauna  of  which  thej  formed  part.  On  iho 
other  hand,  as  we  now  know  that  the  climate  of  the  deepest  parts  of  flw 
ocean-bottom,  even  in  Equatorial  regions,  has  often  (if  not  pnitcfiij(jf^) 
Arctic  coldness,  the  dwarfing  of  the  abyssal  Foraminifera  of  those  n|^hiit 
is  fully  accounted  for  on  the  same  principle. 

Besides  these  examples  of  new  or  remarkable  forms  of  ForaMm^tsrm^  As 
'Lightning'  dredgings  yielded  some  peculiar  bodies*  the  ezaininadbB  of 
which  would  seem  to  throw  light  upon  the  obscure  question  of  the  mode 
of  Reproduction  in  this  group.  One  set  of  these  are  cysts,  of  Tarions 
shapes  and  sizes,  composed  of  sand-grains  loosely  aggregated,  as  in  the 
tests  of  Lituola  and  Astrorhiza  ;  which,  when  broken  open,  are  found  to 
be  filled  with  aggregations  of  minute  yellow  spherules,  not  enclosed  in  any 
distinct  envelope.  These  are  supposed  by  the  Author  to  be  reproductive 
gemmules  formed  by  the  segmentation  of  the  sarcodic  body  of  a  Rhizo« 
pod,  in  the  same  manner  as  '  zoospores '  are  formed  in  Protophytes  by  the 
segmentation  of  their  endochrome.  Of  such  segmentation  he  formerly 
described  indications  in  the  sarcodic  body  of  Orbitolites ;  and  corre- 
sponding phenomena  have  been  witnessed  by  Prof.  Max  Schulze.  Bat  in 
another  set  of  cysts,  of  similar  materials  but  of  firmer  structure,  bodies 
are  found  having  all  the  characters  of  eva^  with  embryos  in  various  stages 
of  development.  In  none  of  these,  however,  does  the  embryo  present 
characters  sufficiently  distinctive  to  enable  its  nature  to  be  determined ; 
and  the  hypothesis  of  the  Foramiuiferal  origin  of  these  bodies  chiefly  rests 
upon  the  conformity  in  the  structure  of  the  wall  of  the  cysts  with  that  of 
the  tests  of  Lituola  and  Astrorhiza,  and  upon  the  improbability  that  such 
cysts  should  have  been  constructed  by  animals  of  any  higher  type. 

'5  Spectroscopic  Observations  of  the  Solar  Prominences^  being  Ex- 
tracts from  a  Letter  addressed  to  Sir  J.  F.W.  Herschel^  Bart.^ 
F.R.S.,  by  Captain  Herschel,  R.E.,  dated  '  Bangalore,  June 
12th  and  15th,  1869*.'  '^  Communicated  by  Sir  J.  Herschel. 
Received  July  19,  1869. 

I  have  too  little  time  to  devote  to  lengthy  descriptions,  and  so  I  send  you 
a  sketch  of  what  1  saw  this  morning  (fig.  1 ).  1  have  seen  many  such  views 
during  the  last  month,  but  none  so  distinct  in  outline  as  to-dny — more  by 

*  Received  since  the  end  of  the  Session. 
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token  I  han  been  wtiting  many  days  for  sunshine  since  I  braaght  m;  ap- 
pantns  to  ita  present  state.  I  can  only  derote  a  single  muroing  hour  to 
it  (before  breakfast),  but  I  make  a  little  advance  every  day.  The  dark 
band  across  is  a  alit-image  corresponding  to  C  (aperture  about  1').  Through 
the  dit,  as  through  a  screen,  is  seen  the  mimocArontatic  image  of  the"  cbro- 


Fig.  1. 


mosphere,"  a  continuons  envelope,  which  may  be  seen  of  nearly  the  same 
width  ererjwhere.  I  estimate  it  at  20"  to  30".  Through  the  slit  comes 
also  a  segment  of  the  true  limb.ivhose  light  ia  scattered  up  and  down.  It 
is  wantiDg  in  C-Iight,  and  therefore  withia  the  C-image  of  the  slit  is  seen  a 
dark  segment  of  the  sun's  limb,  an  inveraioa  which  nothing  but  "  lumino- 
logy  "  can  enable  one  to  understand.  There  are  two  cbaseg  of  solar 
cloud*  represented  here;  viz.  the  fleecy  and  the  well  defined :  in  both 
cases  I  have  taken  the  liberty  of  seeing  round  the  corner  (so  to  speak),  and 
giving  the  whole  form  as  it  might  be  seen  by  slightly  pressing  on  the  tube. 
"With  this  exception,  and  a  like  one  due  to  my  having  (to  avoid  confusion) 
retained  a  slightly  stronger  definition  in  the  central  parts  than  one  actually 
obtains  when  so  much  of  the  limb  13  seen,  there  is,  I  believe,  no  esagge- 
rationf.  The  whole  picture,  of  course,  is  to  be  supposed  seen  on  a  back- 
ground  of  pretty  strong  solar  spectrum  ;  and  the  vertical  streaky  light  is 
to  be  supposed  just  short  of  dazzling — as  strong,  in  fact,  as  the  eye  can  bear 
without  losing  its  power  of  distinguishing  relative  intensities. 

A  large  group  of  spots  (of  which  more  anon)  was  visible  just  within  the 
limb  yesterday,  but  was  not  traceable  to-day ;  it  must  have  gone  off  near 
those  horns. 

The  universality  of  the  hydrogen  envelope,  now  beyond  dispute,  would 
account  satisfactorily  for  the  dark  C  and  F  lines  in  solar  light ;  and  one 
might  well  rest  content  there;  but  the  S  (bright)  line  is  as  persistent  in  this 
envelope  as  a,  and  |3  (C  and  F)  ;  yet  there  is  no  trace  of  any  absorption- 
line,  corresponding  to  i,  in  the  solar  light.    The  discrepancy  between  fact 

*  The  word  bu  besn  objected  to  u  insppropriale ;  but  id  long  m  we  ma;  ipeak  of 
"  dondi  of  imoke,"  "  elonda  of  diut,"  ''  clouded  viiian,"  Slc,  it  it  crippling  UDEtuge  to 
otgcct  on  the  kots  of  iuccune;. 
t  [The  oripiul  ikebdi  ma  in  pencil,  and  tiie  contrast  b«tireea  light  and  shide  ii 
d  in  Hie  woodout.— a.  &.  8.] 
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and  theory  covers  aomething  ndical.    Wh&t  that  mny  be  remBim  to  Iw 
diMovered.     [The  position  of  3 is  1015-3  (K)±-8.] 

On  the  tOtb  I  remarked  (and  observed  till  perfectly  certain)  that  the  C* 
line  on  the  ditk  varied  sensibly  in  strength  j  and  at  one  pbwe,  which,  I  be- 
liere,  corresponded  to  the  pennmbrA  of  a  spot-group,  near  the  limb  there 
was  a  toial  absence  of  the  line,  and  a  p-     » 

strong  suspicion  of  a  reversal  (6g.  2).  *•    ' 

Facultn  were  noticed  round  about, 
especially  between  the  group  and 
limb  ;  but  there  was  nothing  of  the 
kind  viuble  where  the  hiatus  in 
the  C-line  teemed  to  indicate.  The 
hiatus  extended,  as  did  also  the  sus- 
pected Mffhl  part  within  the  spot- 

.p.  (.). 

The  observation  was  repeated  on 
the  II th  (yesterday)  with  the  same 
result,  except  thnt  the  briffhi  part  of 
the  line  was  not  noticed.  To-day 
(the  12th)  the  spot  was  round  the 
comer.  On  no  other  spot  examined 
was  anything  so  decided  seen,  but  the  suppression  of  the  dark  line  has  been 
more  than  suspected  elsewhere. 

Lastly,  1  detected  to-day,  and  put  beyond  doubt,  that  the  bright  accn- 
mulatioDS  on  the  disk  (which  I  believe  are  the  so-called  "faculre")  give  a 
continuous  spectrum  I  I  first  noticed  thai  every  now  and  then  there  wete 
bright  streaks  up  and  down  the  spectrum  as  the  slit  passed  over  ttw 
disk  (or  vice  vertd).  It  is  no  easy  thing  in  general  to  identify  certainly  the 
exact  source  of  light  whose  spectrum  you  see  ;  but  in  one  case  I  had  a 
spot  near  the  Urob,  and  one  of  these  luminons  streaks  between  the  two ;  so, 
knowing  the  direction  of  tlie  slit,  it  wat  easy,  on  removing  the  spectroscope^ 
to  determine  precisely  from  what  point  of  the  disk  the  light  in  question 
emanated.  In  ibis  case  it  was  clear  that  it  proceeded  from  a  facula  in  that 
region. 

I  do  not  pretend  to  speculate  on  the  constitution  of  the  sun's  surface, 
but  here  are  three  facta  which  require  ex|ilanation : — 

(I)  A  luminous  tine  in  the  envelope  corresponds  with  uo  visible  line  of 
absorption  in  the  solar  spectrum. 

(■i)  The  absorption  ia  absent  in  an  (apparently)  penutnbral  region, 

(3)  Tlic  fncula  spectrum  ia  nii  intensified  solar  spectrum. 

June  15th.  A  Number  of '  Scientific  Opinion '  has  just  been  lent  me,  in 
which  I  see  a  notice  of  npaper,  "A  fonrlh  communienlion  by  Mr.  N.Lockycr" 
to  the  Royal  Society.  It  tells nie (what  I  might  have  exiiecled)  thatlam 
just  two  months  behind  iu  all  that  I  am  seeing.    However  that  may  b^  the 
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aighta  themselyefl  are  so  beautiful  and  interesting  that  no  other  incentive 
is  needed.  This  morning  I  showed  a  magnificent  prominence  up- 
wards of  3'  in  height ;  and  she  testifies  that  my  sketches  do  not  do  them 
justice. 

llie  instnunent  I  am  now  using  is  the  Royal  Society's  spectroscope  as 
fitted  up  for  the  eclipse ;  but  I  have  increased  the  dispersion  nearly  three- 
fold by  inserting  four  compound  prisms  (extracted  from  the  hand-spectro- 
scopes). These  amount  to  7  inches  of  glass  and  sixteen  surfaces  ;  so  you 
may  imagine  that  there  is  some  loss  of  light  and  definition.  I  have  also 
had  to  shorten  the  focal  distance  (and  therefore  diminish  the  magnifymg- 
power)  by  interposing  a  hand-telescope's  object-glass — an  additional  ob- 
struction and  complication.  I  lost  a  great  deal  of  fine  weather  (of  which  I 
get  yery  little  now)  while  trying  to  perfect  this  arrangement.  I  can  still 
further  increase  the  dispersion  (without  much  loss  of  definition  for  tnono^ 
ehromaHe  light)  by  turning  the  main  prism,  and  so  departing  from  the  po- 
sition of  minimum  deviation.  But  this  is  a  resource  which  I  keep  to  go 
on  with  when  I  tire  of  the  advantage  I  have  gained  already. 

The  long  train  of  compound  prisms  (as  at  present  arranged)  unfortunately 
bars  me  from  the  violet  end  of  the  spectrum.  This  is  unfortunate,  as  it 
would  be  in  the  highest  d^ee  interesting  to  compare  the  a  and  y  images. 
Some  day  I  shall  get  impatient,  pull  the  whole  affair  to  pieces,  and  arrange 
afresh  with  this  object.  As  it  is,  I  have  to  be  very  chary  of  quitting 
beaten  ground,  as  we  boast  of  no  instrument-makers  here ! 

I  wish  I  had  time  to  write  fully  and  connectedly  on  the  subject.  It  is 
only  necessary  to  put  people  on  the  track.  It  is  one  easily  followed,  and 
will  amply  repay  any  expenditure  in  arranging  prisms  to  get  a  maximum 
dispersion,  for  there  b  any  amount  of  light. 

XXVII.  ^'  Some  Experiments  with  the  Great  Induction  Coil  at  the 
Royal  Polytechnic.*'  By  John  Henry  Pepper,  F.C.S.,  Assoc. 
Inst.  G.E.  Communicated  by  J.  P.  Gassiot,  Esq.  Received 
June  12,  1869. 

The  length  of  the  coil  from  end  to  end  is  9  feet  10  inches,  and  the  dia- 
meter 2  feet;  the  whole  is  cased  in  ebonite;  it  stands  on  two  strong 
pillars  covered  with  ebonite,  the  feet  of  the  pillars  being  22  inches  in 
diameter.  The  ebonite  tubes  &c.  are  the  largest  ever  constructed  at  Silver- 
Town  Works. 

The  total  weight  of  the  great  coil  is  15  cwt.,  that  of  the  ebonite  alone 
bemg  477  pounds. 

I  am  indebted  to  Mr.  Apps  for  the  following  details.  The  primary  wire 
is  made  of  copper  of  the  highest  conductivity,  and  weighs  145  lbs. ;  the 
diameter  of  this  wire  is  *0925  of  an  inch,  and  the  length  3770  yards.  The 
number  of  revolutions  of  the  primary  wire  round  the  core  of  soft  iron  is 
6000,  its  arrangement  being  3,  6,  and  12  strands. 
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The  total  resistance  of  the  primary  is  2*201400  British  Associatioa  aniis ; 
aud  the  resistances  of  the  primary  conductors  are,  respectively,  for  three 
strands  733800  B.A.U.,  six  -366945  B.A.U.,  twelve  -1834725  3^.11. 

The  primary  core  consists  of  extremely  soft  straight  iron  wires  5  feet  in 
length,  and  each  wire  is  '0625  of  an  inch  in  diameter.  The  diameter  of 
the  combined  wires  is  4  inches,  and  their  weight  is  123  lbs. 

The  secondary  wire  is  1 50  miles  in  length ;  it  is  covered  with  silk 
throughout ;  and  the  average  diameter  is  *0 15  of  an  inch. 

The  total  weight  of  this  wire  is  606  lbs.,  and  the  resistance  33,560  B.  A. 
units.  The  insulation  throughout  is  greater  by  95  per  cent,  than  the  strain 
upon  the  coil  during  its  action.  The  secondary  wire  is  insulated  from  the 
primary  by  means  of  an  ebonite  tube  \  an  inch  in  thickness  and  8  feet  in 
length. 

The  length  of  the  secondary  coil  is  54  inches,  the  diameter  is  19  inches, 
and,  without  the  internal  ebonite  tube  containing  the  primary  wire  and  iron 
core,  it  is  a  hollow  cylinder  19  inches  in  diameter  and  6  inches  thick. 

The  condenser,  made  in  the  usual  manner  with  sheets  of  varnished  paper 
and  tinfoil,  is  arranged  in  six  parts,  each  containing  125  superficial  feet, 
or  750  square  feet  of  tinfoil  in  the  whole. 

A  large  and  substantially  made  Contact-breaker,  detached  from  the 
great  coil  aud  worked  by  an  independent  electromagnet,  was  constructed, 
and  worked  very  well  with  a  comparatively  moderate  power  of  10  or  20 
large  Bunsen's  cells ;  when,  however,  the  battery  was  increased  to  30  or  40 
cells,  it  became  unmanageable. 

A  Foucault  break,  with  the  platinum  amalgam  and  alcohol  above  it,  was 
now  tried,  and  answered  very  much  better  than  the  ordinary  contact- 
breaker  :  there  was  no  longer  any  burning  or  destruction  of  the  contact 
points,  although  the  great  power  of  the  instrument  appeared  to  cause  con- 
tinued decomposition  in  the  water  of  the  alcohol  placed  above  the  platinum 
amalgam,  and  the  spirit  was  frequently  ejected,  probably  by  explosion  of  the 
mixed  gases  taking  place  in  the  amalgam,  in  which  they  collected  in  bubbles ; 
the  alcohol  took  fire  constantly,  and  had  to  be  extinguished.     A  large  and 
very  strong  glass  vessel  (in  fact  the  inverted  glass  cell  of  a  bichromate 
battery)  was  bored  through,  and  the  neck  fitted  into  a  cap  with  cement,  a 
thick  wire  covered  with  platinum  being  inserted  in  the  cap ;  the  platinum 
amalgam  was  poured  on  this,  and  over  it  a  pint  of  alcohol ;  the  contact  wire 
was  also  very  large,  and  pointed  with  a  thick  stud  of  platinum,  and,  being 
attached  to  a  spring,  contact  was  easily  made  and  broken.     Flashes  of  light 
could  be  seen  between  the  amalgam  and  the  alcohol ;  but  explosions  did  not 
occur,  and  the  height  of  the  column  of  the  latter  prevented  the  forcible 
ejection  of  the  spirit,  which  no  longer  took  fire.     This  break  was  used  for 
eight  hours  in  a  continuous  scries  of  experiments. 

The  Bunsen's  battery  used  in  the  experiments  was  made  with  the  largest 
porous  cells  that  could  be  obtained,  and  each  cell  contained  about  one  pint 
of  nitric  acid,  the  immersed  carbon  being  50  superficial  inches  in  each  cell. 
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The  resistaiioe  of  a  single  cell  of  this  large  Bunsen  battery  was  found  to 
be  -2585  B.A.U. 

In  the  following  experiments  the  battery  was  arranged  for  intensity,  and 
used  with  the  complete  condenser  of  750  square  feet  of  tinfoil  and  2000 
square  feet  of  paper  in  1500  sheets. 

Number  of  oeUs  t     ^x.    ,        . 

of  battery.  i^ength  of  spark. 

inches. 

5     . .  • .      complete  condenser 12*0 

10    ,...  „  „         140 

20     „  „         21-25 

^O  ••••  ff  fy  ....••  Zlj'O 

^yf       ••••  ff  ff  ••••••     £0  u 

vO     .•••  ff  ff         ......    2o*0 

50     „  „         280  to  29-0 

The  longest  spark  yet  obtained  is  therefore  29  inches  in  length. 

In  order*  to  ascertain  whether  any  yariatioir  in  the  size  of  the  condenser 
(of  which,  as  already  stated,  1,  2,  3,  4,  5,  or  6  parts  could  be  used)  would 
affect  the  length  of  the  spark,  a  number  of  experiments  were  tried  ;  and  it 
will  be  noticed  in  the  tabulated  results  that  when  half  the  condenser  was 
used  the  spark  increased  in  length  up  to  20  cells,  but  not  after.  The  experi- 
ment of  dividing  the  condenser  and  using  one  half  led  to  a  very  serious 
accident,  and  the  coil  was  rendered  useless  for  a  time  by  the  destruction  of 
the  insulating  material  of  a  part  of  the  primary  coil ;  the  particular  strands 
affected  threw  out  minute  spicula  of  metal,  which  communicated  with 
each  other,  and  the  battery-current,  instead  of  passing  through  1257  yards, 
now  only  traversed  a  very  short  length.  The  accident,  however,  proved  to 
be  useful,  inasmuch  as  it  showed  that  the  coil  could  be  easily  taken  to 
pieces  and  repaired  in  a  comparatively  short  space  of  time.  In  the  annexed 
Table  the  experiments  with  the  half  of  the  condenser  are  marked  with  a 
cross. 

Number  of  cells.  Length  of  spark. 

inches. 
5       full  condenser 12-00 

reduced  ^    10*75 

f    13-00 

one-half  or  §  . .  . .  -|- 13*50 

reduced  f     13'00 


»>       

99  99 


»»  » 


f    11-75 


10       full  condenser 1400 

„         reduced  i     15-00 

„        »      i    1575 
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iodbm. 

10       one-half  I    + 18-00 

„        reduced  ^    17-25 

„        »        i 17-. 

20       full  condenser 21-25 

„        reduced  one-half     + 22 

30       full  condenser 23-6 

„        reduced  one-half .  + 23-5 

40       full  condenser 25-0 

one-half + 250 

50       full  condenser 28 


»» 


one-half  + 28 


Experiments  were  now  tried  to  ascertain  whether  any  increase  in  the 
length  of  the  spark  could  be  obtained  by  arranging  the  battery  and  the 

primary  coil  for  quantity,    . 

inches. 

5  +  5  cells,  length  of  spark  14*5 

10-f-lO  cells,  „  180 

20  +  20  cells,  „  21-75 

25  +  25  cells,  „  2375 

15+15+15  cells,        „  20-00 

It  is  evident  that  no  material  advantage  was  obtained  by  the  above 
arrangement  except  in  the  first  experiment ;  and  even  where  three  groups 
were  connected,  as  in  the  last  experiment,  a  decrease  in  the  length  of  the 
spark  is  observed  when  compared  with  the  45  or  50  cells  arranged  for 
intensity,  the  difference  being  as  20  to  28. 

The  spark  obtained  from  the  large  coil  presents  some  novel  and  curious 
features.  It  is  thick  and  flame-like  in  its  appearance,  and  therefore  it  will 
be  alluded  to  as  the  "  flaming  spark." 

When  the  discharging-point  and  circular  plate  are  brought  within  6  or 
7  inches  of  each  other,  the  flaming  nature  of  the  spark  becomes  still  more 
apparent. 

Two  light  yellow  flames  curving  upwards  appear  to  connect  the  opposite 
poles.  If  a  blast  of  air  from  powerful  bellows  is  directed  against  the 
flaming  spark,  the  flaming  portion  can  be  blown  away  and  increased  in 
area ;  and  thin  wiry  sparks  are  now  seen  darting  through  it,  sometimes  in 
one  continuous  stream,  at  another  time  divided  into  three  or  more  sparks, 
all  following  the  direction  in  which  the  flame  is  blown. 

The  heat  of  this  is  very  great,  and,  if  passed  through  asbestos  (sup- 
ported on  an  insulating  pillar),  quickly  causes  the  latter  to  become  red-hot. 

When  powdered  charcoal  is  shaken  from  a  pepper-box  into  the  flaming 
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qMTk  in  k  vertiatl  line  and  in  conndermble  qaantities,  the  greater  put  of 
the  light  ifl  obacared,  and  the  whole  Torm  of  the  flaming  spark  presenta  the 
appeanuce  of  a  black  doad  nith  a  line  of  hrigbtly  ignited  paiticlea  frin- 
ging the  loirer  parts.  If  the  charcoal  is  dusted  through  in  small  quantities, 
each  particle  becomes  ignited,  like  charcoal  blown  into  a  hydrogen-flame, 

when  the  flaming  apark  is  directed  on  to  a  glass  plate  upon  which  a 
little  solntion  of  lithium  chloride  is  placed,  the  latter  colours  the  flame 
upwards  to  the  hdght  of  3  or  4  inches  in  the  most  beautiful  manner;  and 
if  the  point  of  the  discharge  is  tipped  with  paper  or  sponge  moistened 
with  a  little  solution  of  sodium  chloride,  the  two  colours  (the  yellow  from 
the  salt  and  the  crimson  from  the  lithium)  meet  each  other,  a  neutral 
ptnnt  being  fonnd  about  halfway,  thus  illustrating  apparently  the  dual  cha- 
racter of  electrimty,  and  that  +  passes  to  —  electricity,  and  vice  vertd. 


The  flaming  spark  can  be  obtained  in  perfectly  dry  air. 

Vhilst  passing  through  common  (ur,  if  blown  against  a  sheet  of  damp 
litmus-paper,  the  latter  is  rapidly  changed  red.  In  order  to  ascertun 
whether  the  acid  product  was  nitric  acid,  the  flaming  spark  (9  or  10  inches 
in  length)  was  passed  through  a  tube  connected  by  a  cork  and  bent  tube 
with  a  bottle  containing  distjlled  water,  from  which  another  tube  passed  to 
the  air-pump ;  on  drawing  the  air  slowly  orer  the  spark,  and  passing  the 
former  into  the  bottle,  nitric  acid  was  obtained  in  large  quantities — so  much 
ao  that  it  could  be  detected  by  the  smell  and  taste  as  welt  as  by  the  ordinary 
tests.  The  popular  notion  that  nitric  acid  is  always  produced  during  a 
thonder-storm  would  therefore  appear  to  be  correct.  To  determine  the 
effect  of  a  cooling  surface  on  the  flaming  spark,  a  hole  one  inch  and  a  half 
in  diameter  was  bored  throi^h  a  thick  block  of  Wenham-lake  ice,  and  the 
qiark  passed  through  the  air  in  the  tube  of  ice ;  uo  change  took  place,  and 
the  spark  was  still  a  flaming  one. 
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When  the  spark  was  received  on  the  ice,  it  lost  its  flaming  character, 
and  hccame  thin  and  wiry,  spreading  out  in  all  directions. 

If  the  discharging-wires  were  tipped  with  ice,  the  spark  was  always 
flaming  when  any  thickness  of  air  intervened  between  thein.  Even  over 
the  ice,  if  the  spark  passed  a  fraction  of  an  inch  above  the  surface,  it  was 
always  a  flaming  one,  but  changed  to  the  thin  spark  when  the  point  of  the 
discharging-wire  was  thrust  into  the  ice. 

If  one  of  the  discharging-wires  of  the  great  coil  is  brought  to  the  centre  of 
a  large  swing  looking-glass  and  the  other  wire  connected  with  the  amalgam 
at  the  back,  the  sparks  are  thin  and  wiry,  arborescent,  and  very  bright  (see 
figure,  p.  69),  the  crackling  noise  of  these  discharges  being  quite  different 
from  that  of  the  heavy  thud  or  blow  delivered  by  the  flaming  spark. 

When  the  discharging-wire  is  brought  close  to  the  frame  of  the  looking- 
glass,  or  if  a  sufiicieut  thickness  of  air  intervenes,  the  spark  again  becomes 
flaming ;  or,  as  sometimes  occurs,  if  the  discharging  wire  b  placed  about 
5  inches  from  the  frame,  the  spark  is  partly  flaming  and  partly  wiry,  t.  e, 
when  it  impinges  on  the  glass. 

The  examination  of  the  flaming  spark  with  the  spectroscope  has  not  as 
yet  settled  anything  definitely.  The  spectrum  is  a  continuous  one  with  the 
sodium-line.  When  the  blast  of  air  is  used,  and  the  wiry  sparks  made  ap- 
parent, then  the  nitrogen  line  appears. 

The  flaming  spark  has  been  ascribed  by  some  experienced  observers  to 
the  incandescence  of  the  dust  in  the  air,  and  especially  sodium  chloride. 

If  the  salt  &c.  is  thus  made  hot,  can  the  air  in  which  it  is  mechanically 
difl^used  remain  cool  ? 

Is  not  the  salt  &c.  in  the  same  condition  as  a  platinum-wire  held  in  the 
non-luminous  part  of  the  hot  burnt  gas  escaping  from  the  chimney  of  an 
Argand  burner? 

Will  gaseous  elements  when  combining  (and  in  this  case  the  nitrogen 
and  oxygen  do  unite,  as  proved  by  the  formation  of  nitric  acid)  give  a  con- 
tinuous spectrum  ? 

To  ascertain  whether  the  "  flaming  spark "  could  be  obtained  with  a 
small  number  of  cells,  the  large  Bunsen's  battery  was  reduced  to  3  cells ; 
and  it  was  found  that  no  appreciable  spark  could  be  produced  when  the 
whole  primary  wire  was  used  with  less  than  5  cells. 

By  reducing  the  length  of  the  primary  wire,  and  using  the  4  divisiong 
separately,  the  following  results  were  arrived  at : — 

5  cells. 

inches. 

1st  section,  nearest  core    4t,  wiry  spark. 

2nd      „  6jf, 

3rd       „  4J, 

4th       „  C|, 
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10  cells. 

inches. 

Ist  section,  nearest  core 8^,  wiry  spark. 

2nd      „  81 ,     „        „ 

3rd       „  8,  bright  blue  wiry  spark. 

4th       9,  9f«  slightly  flaming. 

15  cells. 

inches. 

1st  section,  nearest  core 10,  slightly  flaming. 

2nd     „  10|,      „ 

3rd     „  9;f,       ),  „ 

4th     „  1 1|^,  flaming  spark. 

20  cells. 

inches. 

1st  section,  nearest  core 11^,  flaming  spark. 

2nd     „ 12,         „  „ 

3rd     „  11*, 

4th     „  12|, 


If  the  two  wires  from  the  secondary  coil  are  placed  in  water,  no  spark 
jfl  perceptible,  even  when  they  arc  brought  very  close  together,  until  they 
touch. 

If  the  negative  wire  is  passed  through  a  cork,  on  which  a  glass  tube  (a 
lamp-glass)  is  fixed  containing  a  depth  of  5  inches  of  water,  and  the 
positive  wire  is  brought  within  half  an  inch  of  the  surface  of  the  water  in 
the  tube,  it  becomes  red-hot ;  and  if  drawn  further  away  from  the  surface, 
the  upper  part  of  the  tube  is  filled  with  a  peculiar  glow  or  light  abounding 
in  Stokes's  rays. 

The  experiments  with  the  vacunra-tubes,  and  especially  Gassiot's  cascade, 
are,  as  might  be  expected,  very  beautiful.  When  a  coal-gas  vacuum-tube 
of  considerable  diameter,  and  conveying  the  full  discharge  from  the  se- 
condary coil,  is  supported  over  a  powerful  electromagnet  axially,  the 
discharge  is  condensed  and  heat  is  produced. 

If  placed  equatorially,  the  heat  increases  greatly ;.  the  di|charge  is  con- 
densed and  impinges  upon  the  sides  of  the  glass  tube,  which  becomes  too 
hot  to  touch ;  and  if  the  experiment  had  been  continued  too  long,  no  doubt 
the  tube  would  have  cracked. 

The  enormous  quantity  of  electricity  of  high  tension  which  the  coil 
evolves  when  connected  with  a  battery  of  40  cells,  is  shown  by  the  rapidity 
with  which  it  will  charge  a  Leyden  battery. 

Under  favourable  circumstances,  three  contacts  with  the  mercurial  break 
will  charge  40  square  feet  of  glass. 
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Ur.  Gunot  was  prewnt  on  one  ocouion,  and  particularly  obserrrd  with 
myself  the  rapidity  with  which  a  series  of  12  large  Leyden  jart  arranged 
in  cascade  were  discharged.  The  noise  was  great;  and  each  time  the 
spark  (which  was  very  condensed  and  brilliant)  strucV  the  metallic  diik, 
the  latter  emitted  a  ringing  sound,  bb  if  it  had  received  a  sharp  blow  frooi 
a  small  hammer. 

The  discharges  were  made  from  a  point  to  ametallicdisk;  and  when  the 
former  was  positive  the  dense  spark  measured  from  IHJi  to  18 j  inches,  and 
fell  to  8i  iachea  when  the  metallic  plate  waa  positire  and  the  p<rint 
negHtive. 

A  variations  of  the  Leyden-jar  experiments  was  tried,  by  connecting  the 
coil  worked  by  a  quantity  battery  of  25+25  cells  with  six  Leyden  jan 
arranged  in  cascade  ;  and  the  spark  obtained  measured  8i  inches. 

The  same  six  jars  connected  with  the  coil  when  the  50  cella  were 
arranged  continuously  for  intensity  gave  a  spark  of  12  inches  of  very  great 
density  and  brilliancy. 

Olher  experiments  are  being  tried  with  the  great  c<nl,  the  mndtl  of 
which  will  be  duly  brought  before  the  Society  if  thought  of  v 
importance. 


XXVIII,  "  On  the  Mechanical  Description  of  Cnrres." 
ByW.H.L.  Russell,  F.B.S.     Received  June  17,  ISflB. 

Let  A,  B,  C  be  three  wheels  rolling  in  one  another  (fig.  1)  ;  tiMT  My 
of  course  be  supposed  to  describe  simuKsneously  the  angles  wtO,  at,  ft, 
when  nt,  »,  and  r  are  constant. 


Fig.  1. 


Let  «, /3,  y  be  three  nuts  situated  on  A,  B,  C  respectively,  at  distances 
0,  6,  e  from  their  centres.  Then  if  these  nuts  work  in  horisontal  bars  (a» 
exemplified  in  many  sewing-machines),  the  bars   will  descend  vertically 
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through  the  ipacM  a  no  «d,  b  sin  n8,  e  sin  rS  respectively.  We  may 
combine  all  theae  Tertical  motions  together  ;  for  if  veiticsl  rods  be  attached 
to  the  faoriiontal  bars,  and  •  cord  fixed  at  Q  pass  oxer  the  pulleys  a„  A^  a, 
i,.  B^  ip  e^,  C„  e^,  as  shown  in  the  figure,  the  other  extremity  Q,  will  de- 
aeribe  the  apace  a  sinatO+fi  sin  ii0+e  sin  r6.  By  this  contrivance  we  are 
able  to  combine  any  nnmber  of  Terlical  descents,  so  that  it  is  readily  seen 
that  a  nn  (Me+a)+(  sin  (ne+P)+  &c.  may  be  described  mechani- 
cally. A  machine  on  the  same  principle  as  this  had  been  preriooslj 
inrented  by  Mr.  Bashforth. 

I  soon  perceired  that  in  order  to  describe  the  general  equation  of  the 
rlk  order  by  continued  motion,  it  was  necessary  to  make  a  wheel  revoWe 
through  an  angle  equal  to  the  sum  and  difference  of  the  angles  described 
in  the  same  time  by  two  given  wheels ;  to  effect  this  I  invented  the  appa- 
ratus shown  in  fig.  2. 

Fig.  2. 


1b  fig.  2  let  A  be  a  Tertical  wheel  working  truly  in  a  horizontal  rack  R,, 
MA  piopela  the  horizontal  frame  a,  /3,  y,  i.  On  this  frame  stand  the 
U  B  ttod  D  parallel  to  the  plane  of  the  paper.  The  wheel  C,  supposed 
~  r  to  the  plane  of  the  paper,  worka  by  teeth  in  the  wheels  B 
iad  Di  Hid  the  four  vheels  A,  B,  C,  D  are  precisely  equal. 

Ts  tfw  oeotn  of  C  is  attached  a  square  axis,  which  passes  throngh  the 
e&atn  of  the  wheel  E,  so  that  the  wheel  E  in  revolving  may,  without 
dHBgiiig  iti  plaiW)  communicate  motion  to  G  as  the  frame  moves  forward. 
Tm  hmtemtel  racka,  B^,  B^  parallel  to  the  plane  of  the  paper,  are  urged  by 
tkairiHak  B  aitd  D ;  and  these,  again,  work  in  the  fixed  wheels  F  andG.equal 
to  A»  Bi  C  D  in  all  respects.  Then  if  the  wheel  A  describe  in  a  given 
tuM  the  K^  0,  and  the  wheel  £  in  the  same  time  the  angle  f,  the  wheels 
F  and  O  will  revolve  respectively  in  the  same  time  through  the  angles 
9+f  and  9— f . 

Ve  ahall  call  the  wheel  A  an  abscissa  wheel,  the  wheel  E,  an  ordinate 
wheel,  bt  reasouf  which  will  appear  directly,  also  F  an  addition  wheel, 
and  Q  a  •nbtraction  wheel. 
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Let  x=a  sin  6,  y=a  sin  <p,  then  the  general  equation  of  the  rih  order 
may  he  written 
a  sin  {me+tuli)+a  sin  (w'O— n0)  +  a"  sin  (m"6+n"^)  +  . . .  =a  ainO. 

Let  a  numher  of  machines  like  the  foregoiDg  he  placed  side  hy  side  with 
their  ordinate  wheels  rolling  in  one  another,  and  their  ahscissa  wheels  duly 
connected.  Let  one  ahscissa  wheel  describe  an  angle  mO,  and  the  cor- 
responding ordinate  wheel  the  angle  n0,  then  a  nut  placed  on  the  corre- 
sponding addition  wheel,  at  a  distance  a  from  its  centre,  will  cause  a 
horizontal  bar  to  descend  vertically  through  a  space  a  sin  (mO+ii^).  In 
the  same  way  a  nut  properly  placed  on  the  subtraction  wheel  will  cause  a 
horizontal  bar  to  descend  vertically  through  a  space  a  sin  (tnd^rufi).  By 
means  of  the  adjacent  machines  we  may  in  like  manner  cause  bars  to 
descend  through  the  vertical  spaces,  a"  sin  (m'0-{-n'^),  a"  sin (m'd— n'^), 
&c.  Now  let  motion  be  communicated  to  the  ordinate  wheels,  and  let  all 
the  vertical  motions  due  to  the  addition  and  subtraction  wheels  be  com- 
bined together  and  made  to  act  vertically  upon  a  nut  in  one  of  the  abaeiew 
wheels ;  then  the  angles  B,  f ,  will  satisfy  the  equation 

a  sin  (iMd+n0)+a  sin  (iMd~n^)+a"  gin  (m'd-f  n'^)  • .  •  m^amB^ 
which  is  the  general  equation  of  the  rth  order. 

Therefore  two  bars  moved  respectively  horizontally  andverticallj  by  nuts 
in  the  wheels  describing  the  angles  6  and  f  will  trace  by  their  intersection 
the  required  curve. 

Ck)MM17NICATIONS  RSCEITED  SINCE  THE  END  OF  THE  SESSION. 

I.  "  Spectroscopic  Observations  of  the  Sun.*' — No.  V. 
By  J.  Norman  Lockyer,  F.R.S.     deceived  July  8,  1869. 

Since  the  date  of  my  last  communication  under  the  above  title  the  weather 
has,  if  possible,  been  worse  for  telescopic  work  than  during  the  winter  and 
spring ;  my  opportunities  of  observation,  therefore,  have  been  very  limited : 
still  the  sun  has  occasionally  been  in  such  a  disturbed  state,  and  our 
atmosphere  has  at  times  been  so  pure,  that  several  new  facts  of  importance 
have  come  out. 

I  will  state  them  here  as  briefly  as  possible,  reserving  a  discussion  of 
them  and  my  detailed  observations  for  a  future  occasion. 

I.  The  extreme  rates  of  movement  in  the  chromosphere  observed  up  to 
the  present  time  are : — 

Vertical  movement 40  miles  a  second 

Horizontal  or  cyclonic  movement  .120  „ 

II.  I  have  carefully  observed  the  chromosphere  when  spots  have  been  near 
the  limb.  The  spots  have  sometimes  been  accompanied  by  prominences^ 
at  other  times  they  have  not  been  so  accompanied.  Such  observations  show 
that  we  may  have  spots  visible  without  prominences  in  the  same  region. 
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and  promiaenccs  without  spots  ;  but  I  do  not  say  that  a  spot  is  not  ac- 
companied by  a  prominence  at  some  stage  of  its  life,  or  that  it  does  not  re- 
sult from  some  action  which,  in  the  majority  of  cases,  is  accompanied 
by  a  prominence. 

III.  At  times,  when  a  prominence  is  seen  bright  on  the  snn  itself,  the 
bright  F  line  yaries  considerably,  both  in  thickness  and  brilliancy,  within 
the  thickness  of  the  dark  line.  The  appearances  presented  are  exactly  as  if 
we  were  looking  at  the  prominences  through  a  grating. 

lY.  Bright  prominences,  when  seen  above  spots  on  the  disk,  if  built  up 
of  other  substances  besides  hydrogen,  are  indicated  by  the  bright  lines  of 
those  substances  in  addition  to  the  lines  of  hydrogen.  The  bright  lines  are 
then  seen  Tery  thin,  situated  centrally  (or  nearly  so)  on  the  broad  absorp- 
tion-bauds caused  by  the  underlying  less-luminous  vapours  of  the  same 
substances. 

V.  I  have  at  last  detected  an  absorption-line  corresponding  to  the  orange 
line  in  tbe  chromosphere.  Father  Secchi  states*  that  there  is  a  line  cor- 
responding to  it  much  brighter  than  the  rest  of  the  spectrum.  My  ob- 
servation would  seem  to  indicate  that  he  has  observed  a  bright  line  less 
refrangible  than  the  one  in  question,  which  bright  line  is  at  times  excessively 
brilliant.  It  requires  absolutely  perfect  atmospheric  conditions  to  see  it  in 
the  ordinary  solar  spectrum.  It  is  best  seen  in  a  spot-spectrum  when  the 
spoils  partially  covered  by  a  bright  prominence. 

VI.  In  the  neighbourhood  of  spots  the  F  bright  line  is  sometimes  ob- 
served considerably  widened  out  in  several  places,  as  if  the  spectroscope 
were  analyzing  injections  of  hydrogen  at  great  pressure  in  very  h'mited  re- 
gions into  the  chromosphere. 

VII.  The  brilliancy  of  the  bright  lines,  visible  in  the  ordinary  solar  spec- 
trum is  extremely  variable.  One  of  them,  at  1 87 1  *5,  and  another,  at  1 529*5 
of  KirchhoflTs  scale,  I  have  detected  in  the  chromosphere  at  the  same  time 
that  they  were  brilliant  in  the  ordinary  solar  spectrum. 

VIII.  Alterations  of  wave-length  have  been  detected  in  the  sodium-, 
magnesium-,  and  iron-lines  in  a  spot- spectrum.  In  the  case  of  the  last 
substance,  the  lines  in  which  the  alteration  was  detected  were  not  those 
observed  when  iron  (if  we  accept  them  to  be  due  to  iron  alone)  is  injected 
into  the  chromosphere. 

IX.  When  the  chromosphere  is  observed  with  a  tangential  slit,  the  F 
bright  line  close  to  the  sun's  limb  shows  traces  of  absorption,  which  gradu- 
ally diminish  as  the  higher  strata  of  the  chromosphere  are  brought  on  to 
the  slit,  until  the  absorption-line  finally  thins  out  and  entirely  disappears. 
The  lines  of  other  substances  thus  observed  do  not  show  this  absorption. 

X.  During  the  most  recent  observations  I  have  been  able  to  detect  traces 
of  magnesium  and  iron  in  nearly  all  solar  latitudes  in  the  chromosphere. 
If  this  be  not  merely  the  result  of  the  good  definition  lately,  it  would  in- 
dicate an  increased  general  photospheric  disturbance  as  the  maximum  sun- 

*  Comptes  RendoB,  1869, 1'  lem.  p.  358. 
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spot  period  is  approached.    Moreover  I  suspect  that  the  chromospheie  hM 
lost  somewhat  of  its  height. 

I  append  a  list  of  the  bright  lines,  the  positions  of  which  in  the  chn- 
mosphere  I  have  determined  absolutely,  with  the  dates  of  discoveiy,  reinark- 
ing  that  in  the  case  of  G  and  F  mj  observations  were  anticipated  hj 
M.  Janssen : — 

llydroffen. 


C.     October  20,  1868. 

F.     October  20,  1 868. 
near  D.     October  20,  1868*. 
near  G.    December  22,  1868. 

h.      March  14,  1869. 

Sodium, 

D.     February  28,  1869. 

Barium, 

l989-5t.  March  14,  1869. 
2031-2.     July  5,  1869. 

Magnesium  and  included  line. 
AM 

*a     February  21,  1869. 

V 

Other  Lines, 

Iron . . 

? 

• 

Bright 

? 

• 

f 
Iron . . 
Bright 
Iron . . 

r 

1474.       June  6,  1869. 

1515-5.     June  6,  1869. 
line      1529-5.     July  5,  1869. 

1567-5.     March  6,  1869 

1613-8.     June  6. 

1867-0.     June  26. 

line      1871-5. 
2001-5.        „ 

2003-4. 

?  Und  or  line  near  black  1  2054.0    j„,    5. 
line,  very  dehcate. ...  J  ^ 


I  have  seen  other  lines  besides  these  at  different  times ;  but  I  do  not 
include  them,  as  their  positions  have  not  been  determined  absolutely. 

I  refrain  from  dwelling  on  this  list  at  present,  except  to  point  out  that, 
taking  iron  as  an  instance,  and  assuming  that  the  iron-lines  mapped  by  Ang- 
strom and  Kirchhoff  are  due  to  iron  only,  I  have  only  been  able,  up  to  the 
present  time,  to  detect  3  lines  out  of  the  total  number  (460)  in  the  spec- 
trum of  the  lower  regions  of  the  chromosphere, — a  fact  full  of  promise  as 


> 


♦  [Hydrogen  ?— G.  G.  S.] 

t  This  reference  is  to  Kircbhoff**  scale. 
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ward  by  Dr.  Frankland  and  myself — namely,  that  the  chromosphere  fv^'i 

2  photosphere  form  the  true  atmosphere  of  the  sun,  and  that  under 
•y  circumstances  the  absorption  is  continuous  from  the  top  of  the 
)8phere  to  the  bottom  of  the  photosphere,  at  whatever  depth  from 
^tom  of  the  spot  that  bottom  may  be  assumed  to  be. 
I  theory  was  based  upon  all  our  observations  made  from  1866  up  to 
le  at  which  it  was  communicated  to  the  Royal  Society  and  the  Paris 
nj  of  Sciences,  and  has  been  strengthened  by  all  our  subsequent 
bat  several  announcements  made  by  Father  Secchi  to  the  Paris 
nj  of  Sciences  and  other  learned  bodies  are  so  opposed  to  it,  and 
ID  much  from  my  own  observations,  that  it  is  necessary  that  I  should 
>  them,  and  give  my  reasons  for  still  thinking  that  the  theory  above 
d  to  is  not  in  disaccord  with  facts.  At  the  same  time  I  must  state 
ither  Secchi  does  not  combat  this  theory ;  indeed  it  is  not  to  be 
m1  from  any  of  his  communications  that  he  has  seen  any  of  the  papers 
micated  by  myself  to  the  Royal  Society. 

ler  Secchi  states  that  the  chromosphere  is  often  separated  from  the 
phere,  and  that  between  the  chromosphere  and  the  photosphere 
xists  a  stratum  giving  a  continuous  spectrum,  which  he  considers  to 
base  of  the  solar  atmosphere,  and  in  which  he  thinks  that  the  in- 
1  of  the  spectrum  takes  place. 

b  regard  to  the  first  assertion,  I  may  first  state  that  all  the  observa- 
have  made  have  led  me  to  a  contrary  conclusion.  Secondly,  in  an 
aent  of  comparatively  small  dispersive  power,  such  as  that  employed 
her  Secchi,  in  which  the  widening  out  of  the  F  line  at  the  base  of 
romosphere  is  not  clearly  indicated,  it  is  almost  impossible  to  deter- 
i>y  means  of  the  spectroscope,  whether  the  chromosphere  rests  on  the 
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With  regard  to  the  second  assertion,  I  would  remark  that  if  such  a 
continuoos-spectrum-giying  envelope  existed,  I  entirely  fail  to  see  how  it 
could  be  regarded  as  a  region  of  selective  absorption.  Secondly,  mj  obser- 
vations have  indicated  no  such  stratum,  although  injections  of  sodium, 
magnesium,  &c.  into  the  chromosphere  not  exceeding  the  limit  of  the 
sun's  limb  by  2"  have  been  regularly  observed  for  several  months  past. 
To-day  I  have  even  detected  a  low  level  of  barium  in  the  chromosphere  not 
V  high.  This  indicates,  I  think,  that  my  instrument  is  not  lacking  in 
delicacy  ;  and  as  I  have  never  seen  anything  approaching  to  a  continuous 
spectrum  when  my  instrument  has  been  in  perfect  adjustment,  I  am  in- 
clined to  attribute  the  observation  to  some  instrumental  error.  Such  a 
phenomenon  might  arise  from  a  local  injection  of  solid  or  liquid  particles 
into  the  chromosphere,  if  such  injection  were  possible.  But  I  have  never 
seen  such  an  injection.  If  such  an  occurrence  could  be  observed,  it  would 
at  once  settle  that  part  of  Dr.  Frankland's  and  my  own  theory,  which  re- 
gards the  chromosphere  as  the  last  layer  of  the  solar  atmosphere  ;  and  if 
it  were  possible  to  accept  Father  Secchi's  observation,  the  point  would  be 
settled  in  our  favour. 

The  sodium  experiments  to  which  I  have  referred,  however,  and  the 
widening  out  of  the  lines  in  Che  spot-spectra,  clearly  indicate,  I  think,  that 
the  base  of  the  atmosphere  is  below  the  spot,  and  not  above  it.  I  there- 
fore cannot  accept  Father  Secchi's  statement  as  being  final  against  another 
part  of  the  theory  to  which  I  have  referred — a  conclusion  which  Father 
Secchi  himself  seems  to  accept  in  other  communications. 

Father  Secchi  remarks  also  that  the  F  line  is  produced  by  the  absorption 
of  other  bodies  besides  hydrogen,  because  it  never  disappears.  This  conclu- 
sion is  also  negatived  by  my  observations ;  for  it  has  very  often  been  ob- 
served to  disappear  altogether  and  to  be  replaced  by  a  bright  line.  At 
times,  as  I  pointed  out  to  the  Royal  Society  some  months  ago,  when 
a  violent  storm  is  going  on  accompanied  by  rapid  elevations  and  depressions 
of  the  prominences,  there  is  a  black  line  on  the  less-refrangible  side  of  the 
bright  one ;  but  this  is  a  phenomenon  due  to  a  change  of  wave-length 
caused  by  the  rapid  motion  of  the  hydrogen. 

With  regard  to  the  observation  of  spot-spectra,  I  find  that  every  increase 
of  dispersive  power  renders  the  phenomenon  much  more  clear,  and  at  the 
same  time  more  simple.  The  selective  absorption  I  discovered  in  1866 
comes  out  in  its  most  intense  form,  but  without  any  of  the  more  complicated 
accompaniments  described  by  Father  Secchi.  I  find,  however,  that  by  using 
three  prisms  this  complexity  vanishes  to  a  great  extent.  We  get  portions  of 
the  spectrum  here  and  there  abnormally  bright,  which  have  given  rise  doubt- 
less to  some  of  the  statements  of  the  distinguished  Boman  observer ;  but  the 
bright  lines,  properly  so-called,  are  as  variable  as  they  are  in  any  other 
part  of  the  disk,  but  not  much  more  so,  I  quite  agree  that  the  "  interpre- 
tation" of  sun-spot  phenomena  to  which  Father  Secchi  has  referred*, 

*  Comptes  Rendus,  1869,  1'  sem.  p.  764. 
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which  ascribes  the  appearances  to  anything  but  selective  plus  general  ab- 
sorption, is  erroneous.  But  as  I  was  not  aware  that  it  had  ever  been  pro- 
poundedy  I  can  only  refer  to  my  own  prior  papers  in  support  of  my  asser- 
tion, and  to  Mr.  Muggins's  indorsement  of  my  observations,  which  were 
communicated  Cb  the  Royal  Society  some  three  years  ago. 

II.  "  Researches  on  Oaseous  Spectra  in  relation  to  the  Physical  Con- 
stitution of  the  Sun,  Stars,  and  Nebulae/^ — ^Third  Note.  By  E. 
Fbankland,  F.R.S.,  and  J.  Norman  Lockter,  F.R.S.  Re- 
ceived July  14, 1869. 

1 .  It  has  been  pointed  out  by  one  of  us  that  the  vapours  of  magnesium, 
iron,  &c.  are  sometimes  injected  into  the  sun's  chromosphere  and  are  then 
rendered  sensible  by  their  bright  spectral  lines  *. 

2.  It  has  also  been  shown  (1)  that  these  vapours,  for  the  most  part, 
attain  only  a  very  low  elevation  in  the  chromosphere,  and  (2)  that  on  rare 
occasions  the  magnesium  vapour  is  observed  like  a  cloud  separated  from  the 
photosphere. 

3.  It  was  further  established  on  the  14th  of  March,  1869,  and  a  draw- 
ing was  sent  to  the  Royal  Society  indicating,  that  when  the  magnesium 
vapour  is  thus  injected  the  spectral  lines  do  not  all  attain  the  same  height. 

Thus  of  the  b  lines,  b^  and  b^  are  of  nearly  equal  height,  but  b*  is  much 
shorter. 

4.  It  has  since  been  discovered  that  of  the  450  iron  lines  observed  by 
Angstrom,  only  a  very  few  are  indicated  in  the  spectrum  of  the  chromo- 
sphere when  iron  vapour  is  injected  into  it. 

5.  Our  experiments  on  hydrogen  and  nitrogen  enabled  us  at  once  to 
connect  these  phenomena,  always  assuming,  as  required  by  our  hypothesisf , 
that  the  great  bulk  of  the  absorption  to  which  the  Fraunhofer  lines  are  due 
takes  place  in  the  photosphere  itself. 

It  was  only  necessary,  in  fact,  to  assume  that,  as  in  the  case  of  hydrogen 
and  nitrogen,  the  spectrum  became  simpler  where  the  density  and  tempe- 
rature were  less,  to  account  at  once  for  the  reduction  in  the  number  of 
lines  visible  in  those  regions  where,  on  our  theory,  the  pressure  and  tem- 
perature of  the  absorbing  vapours  of  the  sun  are  at  their  minimum. 

6.  It  became  important,  therefore,  to  test  the  truth  of  this  assump- 
tion by  some  laboratory  experiments,  the  preliminary  results  of  which  we 
beg  to  communicate  in  this  Note,  reserving  details,  and  ^n  account  of  the 
further  experiments  we  have  already  commenced,  for  another  paper  under 
the  above  title. 

We  took  the  spark  in  air  between  two  magnesium  poles,  so  separated 
that  the  magnesium  spectrum  did  not  extend  from  pole  to  pole,  but  was 
visible  only  for  a  little  distance,  indicated  by  the  atmosphere  of  magnesium 
vapour,  round  each  pole. 

*  Proc  Boy.  Soo.  vol.  xvii.  p.  351.  f  Ibid.  p.  290. 
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We  then  carefnllj  examined  the  disappearance  of  the  b  lines,  and  found 
that  they  behaved  exactly  as  they  do  on  the  eun.  Of  the  three  lines  the 
most  re^ngible  was  the  shortest ;  and  shorter  than  this  were  other  lines, 
which  one  of  us  has  not  yet  detected  in  the  spectrum  of  the  chromosphere. 

This  preliminary  experiment,  therefore,  quite  justified  oTir  assumption, 
and  must  be  regarded  as  strengthening  the  theory  on  which  the  assump- 
tion was  based — namely,  that  the  bulk  of  the  absorption  takes  place  in  the 
photosphere,  and  that  it  and  the  chromosphere  form  the  true  atmosphere  of 
the  sun.  In  fact  had  the  experiment  been  made  in  hydrogen  instead  of 
in  air,  the  phenomena  indicated  by  the  telescope  would  have  been  almost 
perfectly  reproduced ;  for  each  increase  in  the  temperature  of  the  spark 
caused  the  magnesium  Yapour  to  extend  further  from  the  pole,  and  where 
the  lines  disappeared  a  band  was  observed  surmounting  them,  which  is 
possibly  connected  with  one  which  at  times  is  observed  in  the  spectrum 
of  the  chromosphere  itself  when  the  magnesium  lines  are  not  visible. 


III.  "  On  the  Thermodynamic  Theory  of  Waves  of  Finite  Longitudinal 
Disturbance.''  By  W.  J.  Macquorn  Rankine,  C.E.,  LL.D.^ 
F.R.SS.  Lond.  &  Edin.     Received  August  13,  1869. 

(Abstract.) 

The  object  of  the  present  investigation  is  to  determine  the  relations 
which  must  exist  between  the  laws  of  the  elasticity  and  heat  of  any 
substance,  gaseous,  liquid,  or  solid,  and  those  of  the  wave-like  propagation 
of  a  finite  longitudinal  disturbance  in  that  substance — in  other  words,  of  a 
disturbance  consisting  in  displacements  of  particles  along  the  direction  of 
propagation,  the  velocity  of  displacement  of  the  particles  being  so  great  that 
it  is  not  to  be  neglected  in  comparison  with  the  velocity  of  propagation.  In 
particular,  the  investigation  aims  at  ascertaining : — in  the  first  place,  what  con- 
ditions as  to  the  transfer  of  heat  from  particle  to  particle  must  be  fulfilled 
in  order  that  a  finite  longitudinal  disturbance  may  be  propagated  along  a 
prismatic  or  cylindrical  mass  without  loss  of  energy  or  change  of  type — 
the  word  type  being  used  to  denote  the  relation  between  the  extent  of  dis- 
turbance at  a  given  instant  of  a  set  of  particles  and  their  respective  undis- 
turbed positions  ;  and,  secondly,  according  to  what  law  the  type  of  a  wave 
of  finite  longitudinal  disturbance  must  change  when  the  substance  through 
which  it  is  propagated  has,  under  the  circumstances  of  the  disturbance,  no 
appreciable  power  of  transferring  heat  from  particle  to  particle,  being  in 
the  condition  which,  in  the  language  of  thermodynamics,  is  called  adiabatic. 
The  disturbed  matter  in  these  inquiries  may  be  conceived  to  be  contained 

a  straight  tube  of  uniform  cross  section  and  indefinite  length. 

The  investigation  is  facilitated  by  the  use  of  a  quantity  which  the  author 
calls  the  Mass-velocity  or  Somatic  Velocity — that  is  to  say,  the  mass  of  matter 
through  which  a  dbturbance  is  propagated  in  a  unit  of  time  while  advan- 
cing along  a  prism  of  the  sectional  area  unity, — also  by  expressing  the  re- 
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lativc  positions  of  a  series  of  transverse  planes  that  travel  along  with  a  wave 
by  means  of  the  masses  of  matter  contained  between  them,  instead  of  by 
their  distances  apart. 

Let  such  a  transverse  advancing  plane  coincide  with  that  part  of  a  wave 
of  longitudinal  disturbance  at  which  the  pressure  P  and  bulkiness  S  *  are 
equal  to  those  corresponding  to  the  undisturbed  condition ;  it  is  shown 
that  the  value  of  the  square  of  the  mass- velocity  is 

-=-s w 

The  linear  velocity  of  advance  of  the  wave  is  obviously  mS. 

Let  a  second  transverse  plane  advance  along  with  the  wave  in  such  a 
manner  that  an  invariable  mass  of  matter  is  contained  between  it  and  the 
first  advancing  plane.  The  condition  of  permanence  of  type  of  disturbance 
is,   that  the   distance  between  those    planes   shall   be  invariable.     Let 

tlx 

—  be  the  rate  at  which  that  distance  varies,  being  positive  when  the  second 

pkne  gains  on  the  first  plane  ;  it  is  shown  that  this  quantity  has  the  fol- 
lowing value — 

dx      p— P 

_=£__,(S-,), (B) 

in  which  p  and  s  respectively  are  the  pressure  and  bulkiness  at  the  second 
plane.  Hence  the  condition  of  permanence  of  type  is  expressed  symboli- 
cally as  follows : 

-s-^;^ ""  ^      ^  ^  ^^      ^*  constant).      .     .     .     (C) 

This  relation  between  pressure  and  bulkiness  is  not  fulfilled  by  any 
known  substance,  when  either  in  an  absolutely  non-conducting'  state 
(called,  in  the  language  of  thermodynamics,  the  adiabatic  state)  or  in  a  state 
of  uniform  temperature.  In  order  that  it  may  be  fulfilled,  transfer  of  heat 
must  go  on  between  the  particles  affected  by  the  wave-motion,  in  a  certain 
manner  depending  on  the  thermodynamic  function.  The  value  of  the  ther- 
modynamic function  is 

0=Jchyplogr+x('")+^J W 

in  which  J  is  the  dynamical  equivalent  of  a  unit  of  heat,  c  the  real  spe- 
cific heat  of  the  substance,  r  the  absolute  temperature,  x(0  *  function  of. 
the  absolute  temperature,  which  is=0  for  all  temperatures  at  which  the 
substance  is  capable  of  approximating  indefinitely  to  the  perfectly  gaseous 
state,  and  U  the  work  which  the  elastic  forces  in  unity  of  mass  of  the  sub- 
stance  are  capable  of  doing  at  the  constant  temperature  r.  The  thermo- 
dynamic condition  to  be  fulfilled  by  a  wave  of  permanent  type  is  expressed 
by 

/r</^=0 (E) 

*  The  word  bulUneu  U  used  to  denote  the  reciprocal  of  the  density. 
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In  applying  this  equation  to  particolar  cases,  0  and  r  are  to  be  ex- 
pressed in  terms  oip  and  «. 

It  is  shown  to  be  probable  that  the  only  longitudinal  disturbance  which 
can  be  propagated  with  absolute  permanence  of  type  is  a  sudden  disturb- 
ance; and  that  the  consequence  of  the  non-fulfilment  of  the  condition  of 
permanence  of  type  is  a  tendency  for  every  wave  of  gradual  longitudinal 
disturbance  to  convert  itself  by  degrees  into  a  wave  of  sudden  disturbance. 
But  although  suddenness  of  disturbance  may  be  approximated  to,  it  cannot 
be  absolutely  and  permanently  realized  ;  whence  it  follows  that  the  propa- 
gation of  waves  of  longitudinal  disturbance  of  absolutely  permanent  type 
for  an  indefinite  distance  is  impossible  ;  and  this  may  be  the  cause  of  the 
absence  of  longitudinal  vibrations  from  rays  of  light. 

The  laws  of  the  advance  of  adiabatic  waves  are  investigated ;  that  is, 
waves  of  longitudinal  disturbance  in  which  there  is  no  transfer  of  heat,  and 
in  which  consequently  (20=0 ;  and  it  is  shown,  by  the  aid  of  the  equation 
marked  (B)  in  this  abstract,  that  the  compressed  parts  of  those  waves  tend 
to  gain  upon  and  at  last  overtake  the  rarefied  parts,  just  as  the  crests  of 
rolling  waves  in  shallow  water  gain  upon  and  at  last  break  into  the  troughs, 
the  consequence  being  a  gradual  conversion  of  the  adiabatic  waves  into 
waves  of  sudden  disturbance,  followed  by  a  mutual  interference  of  the  com- 
pressed with  the  rarefied  parts  which  leads  to  the  energy  of  the  waves 
being  spent  in  molecular  agitation. 

It  is  also  shown  that  the  extreme  values  of  the  pressure  and  of  the 
bulkiness  are  constant  during  the  change  of  type  ;  and  consequently  that 
the  respective  velocities  with  which  the  plane  of  greatest  compression  gains 
upon  and  the  plane  of  greatest  rarefaction  falls  behind  the  plane  of  undis- 
turbed density  are  uniform. 

The  values  of  the  linear  velocity  of  advance,  mS,  found  for  various  modes 
of  finite  disturbance,  all  approximate,  when  the  disturbance  becomes  inde- 
finitely small,  to  the   well-known  value  of  the   velocity  of  sound,  viz. 

dV  ] 
Y  1 9  the  relation  between  P  and  S  being  determined  by  the 
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condition  cf0=O. 

Supplement.     Received  October  1,  1869. 

(Abstract.) 

In  this  supplement  the  author  of  the  paper  refers  to  the  previous  inves- 
tigations on  waves  of  finite  longitudinal  disturbance  by  the  following 
authors : — 

Poisson,  'Journal  del'Ecole  Poly  technique,*  vol.  vii.  cahier  14,  p.  319 

Stokes,  Philosophical  Magazine,  Nov.  1848,  S.  3.  vol.  xxxiii.  p.  349. 

Airy,  Philosophical  Magazine,  June  1849,  S.  3.  vol.  xxxiv.  p.  401. 

Earnshaw,  Philosophical  Transactions,  1860,  p.  133. 

He  points  out  to  what  extent  the  results  arrived  at  in  his  own  paper  are 
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identical  with  those  of  the  aboye-mentioned  previous  researches ;  and  he 
claims  the  following  results  as  new : — The  conditions  as  to  transfer  and 
transformation  of  heat  which  must  be  fulfilled  in  order  that  permanence  of 
tjpe  may  be  realized,  exactly  or  approximately,  in  a  wave  of  finite  lon- 
gitudinal disturbance  in  any  elastic  medium ;  the  types  of  wave  which 
enable  such  conditions  to  be  fulfilled  with  a  given  law  of  the  conduction  of 
heat ;  the  velocity  of  advance  of  such  waves  ;  and  some  special  results  as 
to  the  rate  of  change  of  t3rpe  in  adiabatic  waves.  He  also  claims  as  new 
the  method  of  investigation  by  the  aid  oi  mass-velocity  and  mass-coordinates, 
which  he  alleges  to  possess  great  advantages  in  point  of  simplicity. 

IV.  ''Researches  into  the  Constitution  of  the  Opium  Bases. — 
Part  III.  On  the  Action  of  Hydrochloric  Acid  on  Codeia.''  By 
Augustus  Matthiessen^  F.R.S,^  Lecturer  on  Chemistry  in  St. 
Bartholomew's  Hospital^  and  C.  R.  A.  Wright^  B.Sc.  Received 
July  28,  1869. 

§  1 .  On  the  Action  of  Hydrochloric  Acid  on  Codeia. 

In  Part  II.  (Proc.  Roy.  Soc.  vol.  xvii.  p.  460)  it  was  shown  that  when 
codeia  is  heated  with  excess  of  hydrochloric  acid  under  pressure  that  it 
splits  up  into  chloride  of  methyl,  water,  and  apomorphia,  thus — 

C„  H^  NO3 + HC1=  CH,  CI  +  H,  O  +  C,,  H,,  NO,. 

At  the  time  it  appeared  probable  that  oue  of  the  two  following  reactions 
would  first  take  place,  forming  an  intermediate  product : — 

I.     C„H,,N03+HCl=CH3Cl-hC,,H,,NO,. 
II.     C,3H,,N03  =    H,0  +C,3H,3NO,. 

On  investigation,  however,  it  has  been  found  that  neither  the  one  nor  the 
other  takes  place,  at  least  as  the  chief  reaction ;  for  by  heating  codeia  with 
excess  of  hydrochloric  acid  on  the  water-bath,  a  body  is  obtained  by  the 
following  reaction — 

C„  H„  NO3  +  HC1=  H,  O  -h  C,,  H^  CI  NO, ; 
and  this  base,  when  heated  under  pressure  with  hydrochloric  acid,  splits  up 
into  chloride  of  methyl  and  apomorphia, 

C„  U^  CI  NO,=CH,  Cl-f  C„  H„  NO3. 

The  new  J>ase  may  be  obtained  in  a  state  of  purity  thus: — codeia  is 
heated  under  paraffin  on  the  water-bath  with  ten  to  fifteen  times  its  weight 
of  strong  hydrochloric  acid  for  twelve  to  fifteen  hours,  and  the  resulting 
brownish  liquid  evaporated  to  dryness  on  the  water-bath ;  the  residue  is 
dissolved  in  water,  and  excess  of  bicarbonate  of  sodium  added,  whereby  a 
voluminous  white  precipitate  is  formed,  consisting  chiefly  of  the  new  base 
mixed  with  a  trace  of  apomorphia.     The  filtrate  contains  the  unaltered 

o2 
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codeia  mixed  with  a  little  of  the  new  base,  which  is  not  quite  insolnble  in 
bicarbonate  of  sodium  solution ;  the  precipitate  is  washed  with  ammonia* 
water  to  remove  the  trace  of  apomorphia  (which  is  much  more  soluble  in 
ammonia  than  the  new  base),  and  is  then  dissolved  in  hydrochloric  acid 
and  fractionally  precipitated  by  bicarbonate  of  sodium :  the  second  fraction 
is  pure  white,  and  is  free  from  apomorphia  and  codeia ;  this  is  then  ex- 
tracted with  ether,  which  dissolves  almost  the  whole.  The  clear  ethereal 
solution  is  then  shaken  up  with  a  few  drops  of  hydrochloric  acid,  and  the 
solution  of  hydrochlorate  thus  obtained,  if  coloured,  must  be  fractionally 
precipitated  by  bicarbonate  of  sodium,  and  the  ether  and  hydrochloric-acid 
process  repeated ;  the  resulting  product  is  a  viscid  colourless  solution  of 
the  hydrochlorate  of  the  new  base,  which  refuses  to  crystallize.  When  eva- 
porated on  the  water-bath,  the  dry  residue  yielded  the  following  numbers 
on  analysis : — 

(I.)  0*3270  gramme,  burnt  with  lead  chromate,  gave  07230  carbonic 
acid  and  01820  water. 

(II.)  0*3080  gramme  gave  0'6S70  carbonic  acid  and  0*1720  water. 
(Ill  )  0*3010  gramme,  burnt  with  lime,  gave  0*2450  silver  chloride. 


III. 


20*  14 


Calculated. 

Found. 

I. 

11. 

C,e                              216 

61*01 

60-30 

60*83 

H,,                               21 

5*93 

6*18 

6*20 

CI,                               71 

2004 

N                                 14 

3*95 

O,                                32 

907 
100*00 

Cj,  H^  CI  NO,,  HCl  354 

The  hydrochlorate,  when  fractionally  precipitated  by  bicarbonate  of  so- 
dium, yielded  the  base  as  a  snow-white  mass,  scarcely  affected  by  exposure 
to  air,  very  soluble  in  alcohol  and  ether,  but  not  crystallizable  from  those 
menstrua  owing  to  decomposition  ;  when  well  washed  and  dried,  first  over 
sulphuric  acid  and  then  at  about  60^  it  gave  the  following  results  on 
analysis :  — 

(I.)  0*3380  gramme  gave  0*8410  carbonic  acid  and  0*1900  water. 
(II.)  0*2680  gramme,  burnt  with  lime,  gave  0*1160  silver  chloride. 


Calculated. 

Found. 
I.                 II. 

c,. 

216              68*03 

67*87 

11^ 

20                6*29 

6*25 

CI 

35*5           11*18 

10*71 

N 

14                4*41 

0, 

32             1009 

C„H.^C1N0, 

317-5       100*00 

Another  portion  of  hydrochlorate  converted  into  platinum-salt  gave  a 


1869.]  Hydrochloric  Add  on  Codeia.  85 

yellow  precipitate  permanent  in  the  air,  but  decomposed  when  heated  to 
100°  in  a  moist  state;  dried  several  days  over  sulphuric  acid,  0*5380 
gramme  gave  0*1000  metallic  platinum. 

per  cent. 
Fonnd 18-60 

The  formula  (C„  H^  CI  NO,,  HCl),  PtCl^  requires    18-81 

The  codeia  salt  requiring    1 9*50 

From  these  numhers  it  appears  that  the  new  base  is  formed  from  codeia 
by  the  replacement  of  an  atom  of  hydroxyl  by  one  of  chlorine,  thus — 

Codeia.  New  bate. 

C„  H„  N0,+HC1=H(H0)+C,.  H^Cl  NO,. 

H  N 
If  codeia  be  regarded  as  being  formed  on  the  mixed  type  n^  q,  then  the 

*H  N 
new  base  may  be  looked  upon  as  formed  on  the  mixed  type  nni   ;  and, 

using  Professor  Foster's  nomenclature*  for  these  types  (viz.  oxynitride  and 
chlorooitride  respectively),  codeia  would  be  oxycodide,  and  the  new  base 
chlorocodide ;  but  until  further  investigation  affords  some  knowledge  of  the 
nature  of  the  radicals  occurring  in  codeia  and  morphia,  it  would  be  prema- 
ture to  attempt  to  give  rational  formulae  for  these  bases. 

The  following  Table  (p.  86)  exhibits  the  comparative  reactions  of  solu- 
tions containing  I  per  cent,  of  the   hydrochlorates  of  morphia,  codeia, 
apomorphia,  and  chlorocodide  respectively. 

The  physiological  action  of  chlorocodide  appears  to  be  much  less  marked 
than  that  of  apomorphia.  Doses  of  ^  grain  of  the  hydrochlorate  taken 
internally  and  -j^^  grain  injected  subcutaneously  produced  no  appreciable 
effect ;  Dr.  Gee  is  now  engaged  in  studying  this  subject. 

§  2.  Action  of  Hydrochloric  Acid  on  Chlorocodide, 

When  the  hydrochlorate  of  this  base  is  sealed  up  with  eight  to  fifteen 
times  ita  weight  of  strong  hydrochloric  acid  and  heated  to  140°-150°  for 
three  hours,  the  tube  is  found,  after  cooling,  to  contain  a  layer  of  liquid 
chloride  of  methyl  floating  at  the  top :  the  tarry  contents  of  the  tube,  when 
dissolved  in  water  and  precipitated  by  bicarbonate  of  sodium,  yield,  on 
shaking  up  the  ethereal  extract  with  a  few  drops  of  hydrochloric  acid,  a 
copious  supply  of  crystals  of  hydrochlorate  of  apomorphia ;  these,  when 
drained  from  the  mother  liquors,  washed  with  cold  water,  and  recrystallized, 
had  all  the  physical  properties  of  the  hydrochlorate  of  apomorphia  from 
morphia,  gave  the  same  qualitative  reactions,  and  produced  the  same  phy- 
siological effects,  and  gave  the  following  numbers  on  analysis  afler  drying 
at  100°:— 

(I.)  0*3090  gramme,  burnt  with  lead  chromate,  gave  0/595  carbonic 
acid  and  0'  1 740  water. 

(II.)  0*4030  gramme,  burnt  with  lime,  gave  0*1910  silver  chloride. 

*  Watts'*  Dictionary,  vol.  iv.  p.  \2\, 
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CtlcaUted. 

Found. 
I.                  11. 

Cn 

204             67-22 

67-04 

H» 

18               5-93 

6-25 

N 

14               4-61 

0, 

32             10-54 

CI 

35-5          1170 

1172 

C„H„NO„Ha    303-5       lOOOO 
Hence  the  reaction  which  takes  place  is 

C„  U^  CI  NO,=CH,  CI + C,,  H„  NO,. 
It  is  worthy  of  notice  that  this  reaction  probahlj  takes  place  graduallj, 
while  that  whereby  apomorphia  and  chloride  of  methyl  are  formed  direct 
from  codeia  appears  to  occur  suddenly,  thereby  bursting  the  large  majority 
of  sealed  tubes  used :  this  never  occurred  with  chlorocodide. 

§  3.  Action  of  Water  on  the  Hydrochlorate  of  Chlorocodide, 

When  the  hydrochlorate  (obtained  by  dissolving  the  base  freed  from 
codeia  &c.  by  the  process  previously  described  in  as  small  an  excess  of  hy- 
drochloric acid  as  possible)  is  sealed  up  with  ten  to  fifteen  times  its  weight 
of  water  and  heated  for  three  hours  to  130^-140^,  it  splits  up  into  hydro- 
chloric acid  and  hydrochlorate  of  codeia,  no  gas  whatever  being  formed 
during  the  reaction. 

C,,  H,o  CI  NO,,  HCl + H,0 = HCl + C,^  H,,  NO,,  HCl. 

In  two  experiments  the  amount  of  free  hydrochloric  acid  thus  formed 
was  estimated  by  titration  with  a  solution  of  carbonate  of  sodium,  and  after 
subtraction  of  the  small  amount  due  to  the  excess  of  hydrochloric  acid  in 
the  original  liquid  (estimated  in  the  same  way),  was  found  to  amount  re- 
spectively to  9  and  10  per  cent,  of  the  hydrochlorate  employed,  the  theo- 
retical amount  according  to  the  above  equation  being  10*3;  the  amount  of 
undecomposed  chlorocodide  was  found  to  be  very  small,  the  liquid  result- 
ing from  the  digestion  giving  but  a  minute  precipitate  with  carbonate  of 
sodium.  The  filtrate  from  the  carbonate-of-sodium  precipitate  was  extracted 
with  ether,  and  the  ethereal  solution  obtained  shaken  with  a  few  drops  of 
hydrochloric  acid ;  an  oily  liquid  was  thus  obtained,  which  on  standing 
several  hours  deposited  crystals  ;  these,  when  drained  from  the  mother 
liqnors  and  recrystallized,  had  the  character  of  hydrochlorate  of  codeia,  and 
gave  the  following  numbers  after  drying  in  an  ordinary  water-bath  till  con- 
stant in  weight. 

As  crystallized  hydrochlorate  of  codeia  is  stated  to  lose  one -fourth  of  its 
water  of  crystallization  at  100^,  a  sample  was  prepared  by  dissolving  codeia 
in  hydrochloric  add  and  recrystallizing  the  product;  after  drying  in  the 
same  water-bath  it  was  also  burnt  as  a  comparison  (HI.)* 

(I.)  0'3110  gramme  of  hydrochlorate  of  codeia  from  chlorocodide  gave 
0*6595  carbonic  acid  and  0*2015  water. 

(11.)  0*2790  gramme  of  the  same,  burnt  with  lime,  gave  01090  silver 
chloride. 
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(III.)  0*3460  gramme  of  hjdrocblorate  of  codeia  made  from  codeiagave 
0*7360  carbonic  acid  and  0*2300  water. 

Calculated. 


'18 


H 

N 
CI 


a« 


216 
26 
80 
14 
35*5 


58- 13 
700 

21-54 
3-77 
9-56 


f. 

57-83 
7-20 


Foirad. 
II. 


III. 
5801 
7-38 


9-67 


C„H,jN03,  HC1+2H,0     371*5    100*00 

A  portion  of  the  regenerated  hydrochlorate  of  codeia  was  precipitated  bj 
caustic  potash  and  crystallized  from  benzole ;  after  drying  at  120^  it  yielded 
these  numbers. 

0*3325  gramme,  burnt  with  oxide  of  copper  and  oxygen,  gave  0*8795 

carbonic  acid  and  0*2185  water. 

Calculated.  Found. 

C„  216  72*24        72*14 

H,i  21  702         7-30 

N  14  4*68 

O3 _48^  16*06 

Cj.HjjNO,    299  100*00 

The  influence  of  mass  upon  chemical  reactions  is  well  illustrated  by  tbe 
inverse  reactions  taking  place  between  codeia  and  hydrochloric  acid  in  ex- 
cess, and  chlorocodide  with  water  in  excess. 

Codeia.  Chlorocodide. 

C„  H^(H0)N0,+HC1=H  H0+C.,H^C1  NO, 

Chlorocodide.  Codeia. 

C.,  H„  CI  N0,+  H(HO)=HCH-  C„  H„(HO)NO,. 

The  codeia  employed  in  the  foregoing  experiments  forms  part  of  a  second 
supply  kindly  given  to  us  by  Messrs.  M'Farlane  of  Edinburgh. 

§  4.  On  the  Crystalline  Form  of  Chloride  of  Apomorphia, 
By  Prof.  W.  H.  Miller,  For.  Sec.  R.S. 

Prof.  Miller  has  kindly  determined  the  crystalline  form  of  the  chloride 
of  apomorphia,  which  we  here  annex. 
Chloride  of  apomorphia. 
Prismatic : — 

001,  101  =  29°26'*5;  10  0,110=  56°48'*5. 
Simple  forms : — e^  101:   w,  1  1  0. 
Angles  between  normals  to  the  faces  : — 

e  e'..58°53' 
m  m' . .  66   23 
e  m  . .  74   23 
No  cleavage  observable. 
The  crystals  are  small,  the  length  and  breadth  of  one  of  the^largest  being 
0*9  and  0*22  millimetres  respectively. 
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V.  "  On  the  Action  of  Cyanogen  on  Anthranilic  Acid." 
By  P.  Geiess,  F.R.S.     Received  June  29,  1869. 

Some  time  ago*  1  pointed  out  the  action  which  takes  place  when 
cyanogen  gas  Ib  passed  into  an  alcoholic  solution  of  amidobenzoic  acid. 
The  principal  product  of  this  reaction  is,  as  I  have  shown,  a  yellow  compound 
of  cjranogen  and  amidobenzoic  acid  of  the  formula  C^  H5(NH2)02,  2CN, 
which  separates  in  large  quantities  as  soon  as  the  alcoholic  solution  of  amido- 
benzoic add  is  nearly  saturated  with  cyanogen.  When  anthranilic  acid,  a 
body  isomeric  with  amidobenzoic  acid,  is  submitted  under  the  same  condition 
to  the  same  reagent,  a  totally  different  reaction  takes  place.  In  this  case  the 
solution  remains  either  perfectly  clear,  or  only  traces  of  a  similar  yellow  com- 
pound are  precipitated.  By  allowing  the  alcoholic  solution  of  anthranilic 
add,  saturated  with  cyanogen,  to  stand  for  several  days,  the  acid  is  almost 
entirely  converted  into  a  new  compound  of  the  empirical  formula  C^^  H^^  ^fi^* 
two  other  new  compounds  (an  acid  and  an  indifferent  body)  are  at  the 
same  time  formed.  It  is  worthy  of  remark  that  none  of  these  compounds 
are  isomeric  with  any  of  the  bodies  which  by  the  same  process  are  formed 
from  amidobenzoic  acid.    Each  of  them  belongs  to  a  perfectly  different  type. 

I  propose  on  this  occasion  to  treat  only  of  the  principal  product  of  the 
reaction,  viz.  the  compound  C^^  H^^  N,  O,.  It  is  prepared  in  the  following 
manner.  An  alcohoHc  solution  of  anthranilic  acid  is  saturated  with  cya- 
nogen gas  and  left  to  stand  for  about  eight  days.  The  alcohol  is  then  evapo- 
rated at  a  low  temperature,  and  the  crystalline  residue  washed  several  times 
with  dilute  solution  of  carbonate  of  ammonia,  by  which  any  traces  of  the 
new  acid  (one  of  the  by-products  of  the  reaction)  are  removed.  It  is  then 
further  purified  by  recrystallization  from  alcohol  with  the  addition  of  a 
Httle  animal  charcoal.  The  indifferent  body  already  referred  to,  which 
is  very  little  soluble  in  alcohol,  is  thus  separated.  The  new  compound, 
Cjo  H^o  Njj  Oj,  is  then  obtained  in  the  form  of  white  adcular  crystals,  which 
are  very  little  soluble  in  boiling  water,  but  dissolve  readily  in  boiling 
alcohol  and  ether.  It  fuses  at  173°  C,  and  can  be  distilled  in  small  quan- 
tities without  undergoing  decomposition.  Its  formation  may  be  expressed 
as  follows : — 

C,  H,  N0,-h2CN-hC,  H.  0=C,o  H,o  N,  0,-hCHN-h  H,  O. 


Anthranilic    Cyano-    Alcohol.      New  compound.  Hydro-    Water, 
add.  gen.  cyanic 

acid. 

According  to  this  equation,  alcohol  as  well  as  anthranilic  ncid  and  cya- 
nogen take  place  in  the  reaction.  Confirmatory  experiments  which  I  have 
made  show  that  the  compound  in  question  is  really  an  ether. 

Action  of  Hydrochloric  Acid  upon  the  Compound  C^^  11,^  N,  O,. — Ordi- 
nary hydrochloric  add  dissolves  this  body,  and  when  cold  does  not  act 
upon  it.     On  boiling,  however,  speedy  decomposition  sets  in  and  a  new 

*  Zeitadirifl  iur  Chemie.    New  series,  vol.  iii.  p.  533,  and  vol.  iv.  p.  389. 
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body  separates,  the  formation  of  which  is  represented  by  the  following 
equation : — 

C,oH,oN,0,+H,0=C,H.N,0,+C,H.a 


New  AloohoL 

compound. 

This  new  compound,  C,  H«  N,  O,,  is  very  difficultly  soluble  in  boiling 
water,  alcohol,  and  ether,  and  crystallises  in  small  white  brilliant  plates. 
It  is  likewise  disolved  by  solutions  of  caustic  alkalies,  but  is  again,  however, 
separated  by  carbonic  acid.  On  adding  a  solution  of  silver  salt  to  its 
aqueous  or  alcoholic  solution  (neither  of  which  has  any  action  on  vege- 
table colours),  a  white  precipitate  is  formed.  Fuming  nitric  acid  converts 
this  body  into  a  nitro-compound,  crystallizing  in  honey-yellow  prisms  of 
the  composition  C,  H,  (N02)N2  O,.  On  treating  the  latter  with  sulphide 
of  ammoninm  or  with  tin  and  hydrochloric  acid,  it  is  reduced  and  fur- 
nishes a  bade  amido-compound  crystallizing  in  slightly  yellowish-tinted 
needles,  difficultly  soluble  in  all  neutral  liquids.  Its  composition  is 
Cg  Hg  (NH,)  N,  O,.  Compounds  of  this  amido-body  with  acids  crystallize 
well  generally,  but  are  for  the  most  part  difficultly  soluble. 

Jetton  of  Ammonia  on  the  Compound  CjoHjoN^O,. — On  digesting  the 
body  for  several  days  at  100°  C.  in  sealed  tubes  with  alcoholic  ammonia,  it 
is  gradually  converted  into  a  base,  almost  insoluble  in  water  and  difficultly 
soluble  in  boiling  alcohol ;  from  this  it  crystallizes  in  brilliant  nacreous 
plates. 

Its  composition  agrees  with  the  formula  Cg  H^  N,  O,  and  its  formation 
takes  place  according  to  the  equation 

C,„  H„  N,  O,  +  NH, = C,  H,  N,  O + C,  H.  O. 

New  base.  AlcohoL 
This  new  base  is  monacid.  Its  nitrate  is  especially  characteristic,  for  it 
is  almost  insoluble  in  water  and  alcohol.  It  separates  out  from  very  dilute 
solutions  of  the  base  in  the  form  of  small  white  plates  on  the  addition  of 
nitric  acid.  Its  platinum-salt  crystallizes  in  thick  yellow  needles,  and  has 
the  composition  2(0^  H,  N,  O),  2HCI,  Pt  CI,. 


The  compounds  just  described  may  one  and  all  be  viewed  as  substitution 
products  of  anthrauilic  acid,  viz.  : — 

Anthranilic  acid C-  H^  NO.  =CtU^'SO.T{0. 

Newether     C^^K^.lSfOj  =C7H5(CN)NO.C,H,0. 

^To^rmt  wU^^^  ^3  n,  N,0,  =C,n,(CN)NaHO 

Nitro-compound C^  IT,  (N  O-^NjOjrrrC^H,  (NOjMCN)NO.nO. 

Amido-compound    C\  H^  (N  H,)N,Oj=C7H^(Nn,HCN)NO.HO. 

^^et'^^o/^K,^^^^^^  C«  H,  N3O  =C,n,(CN)NO.H,N. 

As  I  intend  taking  an  early  opportunity  of  considering  the  rational  con- 
stitution of  these  bodies  somewhat  more  fully,  I  content  myself  for  the 
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present  mih  remarkiDg  that  I  am  inclined  to  regard  the  hase  C,  EL,  N,  O 
as  the  creatinine  of  the  benzoic  series ;  it  stands  to  anthranilic  acid  exactly 
in  the  same  relation  as  creatinine  "  par  excellence  "  does  to  sarcoeine  : — 
C,H,N,0.  C,H,N,0. 


V ^ 


BenjEo-creatinme.  Creatinine. 

C,H^NO,.  C3H^N0,. 


Anthranilic  acid.  Saroosine. 

Herr  Neubauer  has  shown*  that  creatinine,  when  treated  in  a  sealed  tube 
with  baryta- water,  undergoes  the  following  change : — 

C,H,N,0+H,0=C,H.N,0,+NH,. 


"V 


Creatinine.  Methjlhjdantoiae. 

I  consider  it  highly  probable  that  the  base  C^  H^  N,  O  will  split  up  in 
like  manner  with  the  formation  of  the  above-described  compound  C,  H^NjO^ 
according  to  the  equation 

C,H,N,0+H,0=C,H.N,0,+NH,. 
Indeed  this  latter  compound  exhibits  great  resemblance  in  its  chemical 
deportment  to  the  methylhydantoine  of  Herr  Neubauer. 


In  conclusion,  I  should  point  out  that  the  azodioxindol  described  by 
Herrn  Baeyer  and  Knop  in  their  paper  on  indigo-blue*  is  isomeric  with  the 
before-mentioned  compound,  Cg  H^  N^  O,.  These  two  bodies  show,  more- 
over, great  similarity  in  other  respects,  so  much  so  that  I  should  feel 
inclined  to  view  them  as  identical  if  their  fusing-points  did  not  differ 
essentially.  Herrn  Baeyer  and  Knop  state  that  the  fusing-point  of  their 
azodioxindol  is  300^  C,  while  the  compound  I  obtained  fuses  above  350°  C. 
Should  it  turn  out,  however,  on  further  investigation  that  the  two  bodies  are 
identical,  the  compound  C^  H^  N,  O,  would  have  to  be  regarded  as  the 
first  derivative  of  indigo  which  has  ever  been  prepared  synthetically,  and 
which,  like  indigo-blue  itself,  contains  eight  atoms  of  carbon. 

VI.  "  On  the  successive  Action  of  Sodium  and  Iodide  of  Ethyl  on 
Acetic  Ether .'*  By  J.  Alfred  Wanklyn,  F.C.S.  &c.  Com- 
municated by  Professor  Williamson.     Received  July  16, 1869. 

In  a  remarkable  paper  which  appeared  in  the  Philosophical  Transac- 
tions, vol.  clvi.  p.  37  (1866),  Frankland  and  Duppa  described  the  products 
obtained  on  treatment  with  iodide  of  ethyl  of  the  yellow  wax-like  mass 
given  by  the  action  of  sodium  on  acetic  ether.  Besides  the  description 
of  the  compounds,  Frankland  and  Duppa  give  a  theory  of  their  origin, 

•  Ann.  der  Chem.  und  Pharm.  vol.  cxl.  p.  26. 
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which  theory  is  embodied  in  four  equations  expressive  of  Frarikland  and 
Duppa's  view  of  the  origin  of  the  wax-like  mass .  As  I  have  already  pointed 
out,  each  one  of  these  four  equations  affirms  the  evolution  of  an  equi- 
valent of  hydrogen  by  every  equivalent  of  sodium  employed. 

I  have  shown  that  acetic  ether  does  not  evolve  hydrogen  by  reaction 
with  the  alkali  metals.  Equations  which  assume  evolution  of  hydrogen 
in  these  reactions  are  therefore,  in  my  opinion,  inadmissible. 

At  the  end  of  my  paper  in  the  January  Number  of  Liebig's  '  Annalen,' 
I  promised  to  give  an  explanation  of  Frankland  and  Duppa's  products, 
which  should  not  involve  the  assumption  of  evolution  of  hydrogen.  That 
explanation  I  now  give. 

On  reference  to  Frankland  and  Duppa's  paper  just  cited,  it  will  be  found 
that  the  products  described  by  them  as  obtained  from  the  *'  wax -like 
mass  "  and  iodide  of  ethyl  are  the  following : — 

A.  C«  Hj,  0^  liquid  boiling  at  195°  C. 

B.  Cjo  Hj,  O3,  liquid  boiling  at  21 O*'  C.  to  212°  C, 

butyric  ether,  caproic  ether,  and  also  some  unacted  upon  acetic  ether,  and 
a  considerable  quantity  of  common  e  thy  lie  ether. 

The  history  of  tliese  compounds  is  therefore  the  task  set  before  me. 

I  have  already  shown  that  the  direct  products  of  the  action  of  sodium  on 
acetic  ether  are  ethylate  of  sodium  and  sodium-triacetyl.  Nothing  else 
seems  to  be  produced  directly.  But  the  excess  of  acetic  ether,  which  is 
necessarily  taken,  acts  on  some  of  the  ethylate  of  sodium,  producing  alcohol 
and  acetate  of  ethylene-sodium  in  the  manner  described  by  me  on  a 
former  occasion.  (Of  course  the  extent  to  which  this  secondary  action 
takes  place  will  be  determined  by  the  exact  circumstances  of  the  experi- 
ment.) We  have,  therefore,  in  the  wax-like  mass  got  by  prolonging  the 
action  of  sodium  on  acetic  ether  : — 


Ethylate  of  sodium C^  H,  NaO 

Sodium-triacetyl C^,  H,,  O,  Na 

Acetate  of  ethylene-sodium C^  H^  Na  O^ 

Alcohol    aH„0. 


'2  *-"e 


On  the  first  three  iodide  of  ethyl  acts,  giving  iodide  of  sodium  and 
organic  liquids. 

From  the  ethylate  of  sodium  comes  the  common  ether. 

From  the  sodium-triacetyl  comes  ethyl-triacetyl,  which  is  A=Cg  Hj^  O,, 
having  been  got  by  Geuther  from  the  pure  sodium-triacetyl. 

From  isolated  acetate  of  ethylene-sodium  and  iodide  of  ethylene  I  have 
recently  obtained  hquid  B,  C^^  H^^  O3,  thus  : — 

Acetato  of  etbylene- 

Bodium.  Alcohol. 

2C,  H,  NaO,  +  2C,  H.  I  =  2N«  I  +  C,  H,  O  +  C„  H„  O,. 
The  liquid  prepared  by  me  boiled  at  212*  C,  and  gave  carbonate  of 
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baryta  with  baryta-water,  and  was  identical  with  Frankland  and  Duppa*8 

liquid  B. 

By  the  action  of  liquid  A  upon  ethylate  of  sodium  Geuther  has  recently 

shown  that  butyric  ether  is  produced.     Geuther's  reaction  I  write  thus  : — 

Acetate  of  ethylene- 

sodium.  Butyric  ether. 

A.  C,  H,,  O.  +  C,  H,  NaO  =  NaC,  H„  C,  H,  O,  +  C.  H,,  O,. 

Finally,  I  predict  that  liquid  B  will  give 

Caproic  ether. 

B.  C,,  H,,  O.  +  C,  H.  NaO  =  NaC,  H,  C,  H,  O,  +  C,  H,,  O,. 


VII.  "  On  Approach  caused  by  Vibration/*   By  Frederick  Guthrie. 

Communicated    by  Prof.  G.  G.  Stokes^  Sec.  R.  S.      Received 

August  26,  1869. 

(Abstract.) 

The  author  observes  that  when  a  vibrating  tuning-fork  is  held  near  to  a 
piece  of  cardboard,  the  latter  has  a  tendency  to  approach  the  fork.  Start- 
ing from  this  experiment,  a  series  of  experiments  is  described  having  for 
their  object  the  determination  of  the  cause  and  conditions  of  the  funda- 
mental observed  fact. 

It  is  shown  that  no  sensible  permanent  air-currents,  having  their  source 
at  the  fork's  surface,  are  established  ;  and  heuce  that  the  approach  of  the 
card  to  the  fork  is  not  due  to  the  expansion  of  such  currents  as  in  M. 
Clement's  experiment. 

The  modifications  are  examined  which  Mr.  Faraday's  surface- whirl  winds 
on  a  vibrating  tuning-fork  undergo  when  the  fork  vibrates  in  the  neighbour- 
hood of  a  sensibly  rigid  plane. 

It  is  shown  that  a  delicately  suspended  card  approaches  the  fork  when 
either  of  the  three  essential  faces  of  the  fork  is  presented  to  the  card,  and 
that  the  approach  takes  place  from  distances  far  exceeding  the  range  of 
Mr.  Faraday's  air-current.  That  the  action  between  the  card  and  fork  is 
mutual  is  shown  by  suspending  the  latter.  Also  one  vibrating  fork  tends 
to  approach  another  in  whatever  sense  their  planes  of  vibration  may  be 
towards  one  another. 

The  mean  tension  of  the  air  surrounding  a  vibrating  fork  is  examined  by 
enclosing  one  timb  of  the  fork  in  a  glass  tube.  It  appears  that  the 
vibrating  fork  displaces  air. 

The  question  whether  the  equilibrium  between  two  equal  and  opposite 
forces  acting  on  a  body  is  disturbed  by  submitting  one  of  the  forces  to 
successive,  rapid,  equal,  and  opposite  alterations  in  quantity,  is  answered  in 
the  negative  by  an  experiment  which  shows  that  the  equilibrium  of  a 
Cartesian  diver  is  not  disturbed  by  submitting  the  water  in  which  it  floats 
to  vibration. 

Various  modifications  are  introduced  into  the  nature   of  the  surface 
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which  receives  the  yibrationSy  such  as  making  it  a  narrow  cylinder  with  one 
end  closed,  making  it  of  cotton-wool,  &c.  It  is  found  that  in  all  cases  the 
suspended  body  approaches  the  vibrating  one. 

The  author  concludes  that  the  effect  of  apparent  attraction  is  due  to 
atmospheric  pressure,  and  that  this  pressure  is  due  to  undulatorj  disper- 
sion. It  is  suggested  that  the  dispersion  of  the  vibrations  which  consti- 
tute radiant  heat  may  cause  bodies  to  approach,  being  pushed  not  pulled. 

November  18,  1869. 

Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

In  pursuance  of  the  Statutes,  notice  of  the  ensuing  Anniversary  Meet- 
ing was  given  from  the  Chair. 

Dr.  T.  Graham  Balfour,  Mr.  Fergusson,  Mr.  Hanbury,  Dr.  Hoskins, 
and  Mr.  Tomlinson,  having  been  nominated  by  the  President,  were  elected 
by  ballot  Auditors  of  the  Treasurer's  Accounts  on  the  part  of  the  Society. 

Mr.  William  Esson,  and  Mr.  Edward  Walker  were  admitted  into  the 
Society. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows  : — 

Transactions. 

Apt  (Vaucluse): — Socidt($  Litteraire,  Scicntifique  et  Artistique.  An- 
nales;  quatricme  annoe,  1866-67.  8vo.  Apt  1869.      The  Society, 

Batavia: — Koninklijke  Natuurkimdige  Vereeniging  in  Nederlandsch 
Indie.  Natuurkundig  Tijdschrift.  Dcel  XXX.  Afl.  3-6.  Svo. 
Batavia  1868.  The  Society. 

Berlin  : — ^Konigliche  Akademie  der  Wissenschaften.    Abhandlungen,  aus 

dem  Jahre  1868.  4to.  Berlin  1869.    Monatsboricht.  April-August 

1869.  8vo.  Berlin  1869.  The  Academy. 

Verein  zur  Beforderung  des  Gowerbfleisses  in  Preussen.     Yerhand- 

lungen,  Jan.-April  1869.  4to.  Berlin  1869.  The  Society. 

Boston  Society  of  Natural  History.  Memoirs.  Vol.  I.  Part  4.  4to. 
Boston  1869.  The  Society. 

Cambridge  Philosophical  Society.  Transactions.  Vol.  X.  Title  and 
Index.  Vol.  XI.  Part  2.  4to.  Cambridge  1869.  Proceedings. 
Parts  3-6.    8vo.     Cambridge  1866-67.  The  Society. 

Copenhagen: — Kongelige  Danske  Vidcnskabemes  Selskab.  Skrifter. 
5  Rffikke.  Nat.  og  Math.  Afd.  Bind.  VIII.  2  (Lutken).  4to. 
Kjobenhavn  1869.  Ovcrsigt  1815-16,  1816-17,  1817-18,  1818- 
19,  1819-20,  1820-21,  1821-22,  1822-23,  1824-25,  1825-26, 
1826-27,  1827-28, 1828-29,  1829-30,  1830-;31, 1833-34,  1836- 
37.  4to.  1842,  1860,  1867,  Nos.  6-7;  1808,  Nos.  1-4;  1869, 
No.  1.  Svo.  Kjobenhavn,  The  Society. 
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TransactionB  (continued). 

Dublin : — ^Trinity  College.  Observations  made  at  the  Magnetical  and 
Meteorological  Observatory,  under  the  direction  of  Humphrey 
Lloyd,  D.D.     Vol.  II.  1844-50.  4to.  Dublin  1869. 

The  Provost  and  Senior  Fellows. 
Edinburgh : — Royal  Physical  Society.     Proceedings.     Session  1865-66. 
8vo.  Edinburgh.  The  Society. 

Boyal    Scottish    Society  of  Arts.     Transactions.     Vol.  VII.  Parts 
4,  5.  8vo.  Edinburgh  1868.  The  Society. 

Greenwich: — Royal  Observatory.  Astronomical,  Magnetical,  and 
Meteorological  Observations  made  in  the  year  1867,  under  the 
direction  of  G.  B.  Airy.  4to.  London  1869.  The  Admiralty. 

Halle : — Naturw.  Verein  flir  Sachsen  und  Thiiringen.  Zeitschrift  fiir 
die  gesammten  Naturwissenschaften  :  redigirt  von  C.  Giebel  und  M. 
Siewert.     Band  XXXJI.  8vo.  Berlin  1868.  The  Society. 

Heidelberg: — ^Naturhistorisch-mediziniBcher  Verein.  Verhandlungen. 
Band  11.,  IV.,  V.,  2.  8vo.  Heidelberg  1862-69.  The  Society. 

Kiel : — Universitat.  Schriften,  aus  dem  Jahre  1868.  Band  XV.  4to. 
Kiel  1869.  The  University. 

London: — ^Anthropological   Society.     Anthropological  Review.      Nos. 
'16,  17,  26,  27.  8vo.  London  1867-69.  The  Society. 

Army  Medical  Department.  Report  for  the  year  1867.  Vol.  IX. 
8vo.  London  1869.  The  Department. 

British  Association  for  the  Advancement  of  Science.  Report  of  the 
Thirty-eighth  Meeting,  held  at  Norwich  in  August  1868.  8vo. 
London  1869.  The  Association. 

Entomological  Society.   Transactions.  Third  Series.  Vol.  III.  Part  7. 
For  the  year  1869,  Parts  2-4.  8vo.  London  1869.        The  Society. 
Institution  of  Civil   Engineers.     Minutes    of    Proceedings.     Vols. 
XXVII.,  XXVin.  8vo.  London  18G8-69.  The  Institution. 

Institution  of  Naval  Architects.  Transactions.  Vol.  X.  4to.  London 
1869.  The  Institution, 

linnean  Society.  Transactions.  Vol.  XXVI.  Part  3.  4to.  London 
1869.  Proceedings,  1868-69,  pp.  xli-cxxxiv.  Journal.  Botany, 
Vol.  X.  No.  48;  Vol.  XI.  Nos.  60  &  51  ;  Vol.  XIL  Zoology, 
Vol.  X.  No.  46.  8vo.  London  1869.  The  Society. 

Meteorological  Office.  Weather  Reports,  Jan.  1  to  June  30,  1869. 
Fol.  London.  Report  of  the  Meteorological  Committee  of  the 
Royal  Society  for  the  year  ending  31st  December  1868.  8vo. 
London  1869.  Report  to  the  Committee  on  the  Meteorology  of  the 
North  Atlantic  between  the  parallels  of  40°  and  60°  N.,  by  Captain 
Henry  Toynbee.  8vo.  London  1869.  Charts  showing  the  Surface- 
temperature  of  the  South-Atlantic  Ocean  in  each  month  of  the 
year.  FoL  London  1869.  •  The  Office. 
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TransactioiiB  {eoniinued). 

Odontological  Society  of  Great  Britain.     TransactionB.     YoL  TI. 
New  Series.    Vol.  I.  No.  8.  8vo.  Lwulon  1868-69.     The  Society. 
Boyal  Agricultural  Society.    JonmaL    Second  Series.    Vol.  V.  Part 
2.  8vo.  London  1869.  The  Society. 

Zoological  Society.  Transactions.  VoL  VI.  Part  8.  4to.  London 
1869.  Proceedings  of  the  Scientific  Meetings  for  the  year  1869. 
Part  1.   8vo.  London.  The  Society. 

Luxembourg: — Societd  des  Sciences  Naturelles.  Bulletin.  Tome  X. 
Annces  1867  et  1868.  8vo.  Luxembourg  1869.  The  Society. 

Lyon : — Academie  Imperialc  des  Sciences,  Belles-Lettres  et  Arts.  Md- 
moires.  Classe  des  Sciences,  Tome  X.-XV.  1860-66 ;  Classe  des 
Lettres,  NouveUe  Serie,  Tome  VII.-X.,  XU.,  XIII.,  1858-68.  8to. 
Lyon,  The  Academy. 

Manchester : — Literary  and  Philosophical  Society.  Memoirs.  Third 
Series.  Vol.  III.  8vo.  London  1868.  Proceedings.  Vols.  V.-VII. 
8vo.  Manchester  1866-68.  The  Society. 

Milan : — Society  Itoliana  di  Scienzc  Natural!.  Memorie.  Tomo  IL  n.  3 
Tomo  IV.  n.  1-3.  4to.  Milam  1867-68.  Atti.  Vol.  XI.  fasc.  2-4. 
8vo.  Milano  1863-69.  The  Society. 

Naples : — Society  Reale.  B^^ndiconto  delle  Tomate  e  dei  Lavofi  dell' 
Accademia  di  Scicnze  Morali  c  Politiche.  Anno  8,  Gennaio-Agosto. 
8vo.  Napoli  1869.  The  Society. 

Newcastle-upon-Tyne: — Chemical  Society.  Transactions.  Part  I.  8vo. 
Newcastle-upon'  Tipie  1869.  The  Society. 

Oxford : — Radcliflfe  Observatory.  Results  of  Astronomical  and  Meteor- 
ological Observations  made  in  the  year  1866,  under  the  superin- 
tendence of  the  Rev.  Robert  Main.  Vol.  XXVI.  8vo.  Oxford 
1869.  The  Radcliffe  Trustees. 

Palermo  : — R.  Istituto  Tecnico.  Giomale  di  Sdenze  Natural!  ed  Eco- 
nomichc.  Anno  1869,  Vol.  V.  fasc.  1-2 ;  parte  1,  Scienzc  Natural!. 
Roy.  8vo.  Palermo  1869.  The  Institute. 

Paris: — Institut  Imperial  de  France.     Annuaircs  pour  1810,  1811, 

1838,  1839,  1841,  1844,  1845, 1848,  1849,  1850,  1858,  1862, 

1863,  1866-69.  12mo.  Paris,  The  Institute. 

Socidt<$  Geologique  de  France.     Bulletin.     2*  serie.    Tome  XXV.  ff. 

56-64 ;  Tome  XXVI.  no.  2.  8vo.  Paris  1869.  The  Society. 

Philadelphia : — Academy  of  Natural  Sciences.    Journal.    New  Series. 

Vol.  VI.   Part  3.    4to.   Philadelphia  1869.     Proceedings.     1868, 

Nos.  1-6.  8vo.     Philadelphia.  The  Academy. 

American  Philosophical  Society.     Transactions.     Vol.  XIII.  Part  3. 

4to.  Philadelphia  1869.  The  Society. 

St.  Petersburg: — Academie  Imperialc  des  Sciences.  Memoires.  Tomo 
Xll.  Nos.  4-5  ;  Tome  XIII.  Nos.  1-7  ;  Tome  XIV.  Nos.  1,  2.  4to. 
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Transactions  (carUinu^. 

Si.  PiUrthaurg  1869.     Bulletin.     Tome  XIII.  Nob.  4-6.  4to.   St. 

PStenhaurg  1868-69.  The  Academy. 

Salem  (Mass.): — Peabodj  Academy  of  Science.      Memoirs.     Vol.  1. 

No.  1.  Boy.  8vo.  Salem  1869.  The  Academy. 

Venice: — ^Ateneo  Veneto.     Atti.      Serie  2.     Vol.  IV.  puntata  2-3; 

VoL  V.  p.  1-3.  8vo.  Venezia  1867-68.  The  Ateneo. 

Beale  Istitnto  Veneto  di  Scienze,  Lettere  ed  Arti.     Memorie.     Vol. 

XrV.  parte  1,  2.       4to.   Venezia,  1868-69.       Atti.        Serie  3. 

Tomo  Xn.  disp.  10 ;  Tomo  XIII.  disp.  1-10 ;  Tomo  XIV.  disp.  1-5. 

8vo.  Venezia  1866-69.  The  Institute. 

Vienna : — Eaiserliche  Akademie  der  Wissenschaften.     Sitzungsherichte. 

Math.-Nat  Gasse,  I.  Abtheilung :  Band  LVII.  Hefte  4,  5.     II. 

Abth. :   Band  LVII.  Hefte  4,  5 ;    Band  LVm.   Heft  1.    Phil.- 

hist.  Classe  :  Band  LIX.  Hefte  1-4.   8vo.    Wien  1868.    Anzeiger. 

Jahrg.  1869,  Nr.  12-21.  8vo.  Wien.  The  Academy. 

E.-X.  Geologische  Reichsanstalt.    Jahrbuch.    Band  XIX.  Nr.  1.  8yo. 

Wien  1869.  The  Society. 

Zurich : — Allgemeine  Schweizerische  Gesellschaft  fiir  die  gesammten 

Natnrwissenschaftien.     Neue  Donkschriften.     Band  XXXIII.  4to. 

Zurich  1869.  The  Society. 

Naturforschende    Gesellschaft.      Vierteljahrsschrift.      Redigirt    von 

Rudolph  Wolf.     Jahrg.  12,  13.    8vo.   Zurich  1867-68.     An  die 

ziircherische  Jugend,  auf  die  Jahre  1868,  1869.     Stiick  70,  71. 

4to.  ZUrich  1868-69.  The  Society. 


Attfield  (J.)      Chemistry,   general,  medical,  and  pharmaceutical.     8yo. 

London  1869.  The  Author. 

Brunnow  (F.)    Tndte  d' Astronomic  Spherique  et  d' Astronomic  Pratique, 

^tion  FrangaLse,  public  par  £.  Lucas  et  C.  Andre.     Astronomie 

Spherique.  8vo.  Paris  1869.  The  Translators. 

Casey  (J.)    On  Bicircular  Quartics.  4to.  Dublin  1869.  The  Author. 

Clarke  (B.)     A  New  Arrangement  of  Phanerogamous  Plants.     Oblong  4to. 

London  1866.  Dr.  John  Millar. 

Edmonds  (T.  R.)     On  Vital  Force,  according  to  Age  and  the  **  English 

life  Table."  8vo.  London  1869.  The  Author. 

Fang^re  (P.)    Defense  de  B.  Pascal  et  accessoirement  de  Newton,  Galilee, 

Montesquieu,  etc.,  centre  les  faux  documents  presentes  par  M.  Chasles 

k  1' Academic  des  Sciences.  4to.  Paris  1868.  The  Author. 

James  (Sir  H.,  F.R.S.)    Notes  on  the  Great  Pyramid  of  Egypt  and  the 

Cubits  used  in  its  design.  4to.  Southampton  1869.  The  Author. 

Jones  (T.  Wharton,  F.R.S.)     Failure  of  Sight  from  Railway  and  other 

Injuries  of  the  Spine  and  Head ;  its  nature  and  treatment.  8vo.  Lon- 

don  1869.  The  Author. 

VOL.  XVIII.  H 
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Kops  (J.)    Flora  Batava.     Afl.  208-210.  4to.  Amsierdam. 

H.M.  The  Xing  of  the  Netherlands. 

Lea  (Isaac.)  Observations  on  the  Genus  Unio.  Vol.  XII.  4to.  Phila- 
delphia 1869.  The  Author. 

Le  Verrier  (U.  J.,  For.  Mem.  R.S.)  Annales  de  I'Observatoire  Imperial 
de  Paris.    Memoires.    Tome  IX.  4to.  Paris  1868.     The  Observatory. 

Examon  dc  la  Discussion  soulevee  au  sein  de  rAcad^mie  des 

Sciences  au  sujet  de  la  decouverte  de  TAttraction  Universelle.    4to. 
Paris  1869.  The  Author. 

Lubbock  (Sir  John,  F.R.S.)  Prehistoric  Times,  as  illustrated  by  Ancient 
Remains  and  the  Manners  and  Customs  of  Modem  Savages.  Second 
edition.  8vo.  London  1869.  The  Author. 

Miller  (Dr.  \V.  A.,  Treas.  R.S.)  Elements  of  Chemistry,  theoretical  and 
practical.  Fourth  edition.  Part  3.  Organic  Chemistry.  8vo.  London 
1869.  The  Author. 

Penrose  (F.  C.)  On  a  Method  of  predicting  by  graphical  oonstruction 
Occultations  of  Stars  by  the  Moon,  and  Solar  Eclipses  for  any  given 
place.  4to.  Tendon  1869.  The  Author. 

Quadri  (AchiUe.)     Note  alia  Teoria  Darwiniana.  8vo.  Bologna  1869. 

Charles  Darwin,  F.R.S. 

Thomas  (Lynall.)  The  True  Basis  for  the  Construction  of  Heavy  Artillery. 
8vo.  Tjondon  1 869.  The  Author. 

Willis  (Rev.  R.,  F.R.S.)  The  Architectural  History  of  the  Conventual 
Buildings  of  the  Monastery  of  Christ  CTiurch  in  Canterbury.  8vo. 
London  1869.  The  Author. 


Royal  Commission  on  AVatcr  Supply.     Report  of  the  Commissioners.     Fol. 

TA)ndon  1869.  Dr.  W.  Pole,  F.R.S. 

Six   Photogra])lis   of  the   National   Memorial    to   Sir  John  Franklin,  in 

Waterloo  Place,  Tx)ndon,  by  M.  Noble.  M.  Noble,  Esq. 

Ordnance  Survey  of  Jerusalem.     Five  Plans,  in  case.  Folio  1865. 

Sir  H.  James,  F.R.S. 

The  following  communication  was  in  part  read  : — 

"  Preliminary  Report  of  the  Scientific  Exploration  of  the  Deep  Sea  in 
n.M.  Surveying  Vessel  'Porcupine^  during  the  Summer  of 
18G9,"  conducted  by  Dr.  Carpenter,  V.P.R.S.,  Mr.  J.  Gwyn 
Jeffreys,  F.R.S.,  and  Prof.  Wvville  Thomson,  LL.D., 
F.R.S.     Received  November  18,  1869. 
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November  25,  1869. 

Lieut-General  Sir  EDWARD  SABINE,  President,  K.C.B.,  in 

the  Chair. 

In  accordance  "with  the  Statutes^  notice  was  given  from  the  Chair  of  the 
ensuing  Anniversary  Meeting,  and  the  list  of  Officers  and  Council  proposed 
for  election  was  read  as  follows : — 

Pre«uf^/.— Lieut-General  Sir  Edward  Sabine,  R.A.,  K.C.B.,  D.C.L., 

LL.D. 

7Vtfa«ir«rr.— William  Allen  Miller,  M.D.,  D.C.L.,  LL.D. 

«       .     .    _[  William  Sharpey,  M.D.,  LL.D. 
eere  artes.      |  George  Gabriel  Stokes,  Esq.,  M.A.,  D.C.L.,  LL.D. 

Foreign  Secretary. --Vrof,  Wiiliara  Hallows  Miller,  M.A.,  LL.D. 

Other  Members  of  the  Council, — Frederick  Currey,  Esq.,  M. A. ;  Warren 
De  La  Rue,  Esq.,  Ph.D. ;  Sir  Philip  de  M.  Grey  Egerton,  Bart. ;  William 
Henry  Flower,  Esq. ;  William  Huggins,  Esq. ;  John  Gwyn  Jeffreys,  Esq. ; 
John  Marshall,  Esq. ;  Augustus  Matthiesseu,  Esq.,  Ph.D. ;  George  Henry 
Richards,  Capt.  R.N. ;  The  Marquis  of  Salisbury,  M.A. ;  Charles  Wil- 
liam  Siemens,  Esq. ;  John  Simon,  Esq. ;  Archibald  Smith,  Esq.,  M.A.  ; 
Prof.  Henry  J.  Stephen  Smith,  M.A. ;  Prof.  John  Tyndall,  LL.D. ; 
Prof.  Alexander  W.  Williamson,  Ph.D. 

The  following  communication  was  read  : — 

*'0n  the  Action  of  Cyanogen  on  Anthranilic  Acid."     By  P.  Griess, 
F.R.S.     Received  June  29,  1869.     (See  page  89.) 

The  reading  of  the  Preliminary  Report  by  Dr.  Carpenter,  Mr.  Gwyn 
Jeffreys,  and  Dr.  Wyville  Thomson  was  resumed  and  concluded. 
The  contents  of  the  Report  will  be  given  in  a  future  Number. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  foUows : — 

Transactions. 

Amsterdam : — Koninklijke  Akademie  van  Wetenschappen.  Verhande- 
lingen.  Afdeeling  Letterkunde,  Deel  IV.  4to.  Amsterdam  18G9. 
Verslagen  en  Mededoelingen.  Afdeeling  Natuurkunde.  Tweede 
Reeks.  Deel  III.  8vo.  Amsterdam  1869.  Jaarbock  voor  1868. 
8vo.  Amsterdam.  Processen-Verbaal  van  de  gcwone  Vergade- 
ringen.  Afdeeling  Natuurkunde,  1868-69.  8vo.  Amsterdam. 

The  Academy. 

Oenootschap  Natura  Artis  Magistra.     Bijdragen  tot  de  Dierkunde. 

Afl.  9.  4to.  Amsterdam  1869.  The  Society. 

Bologna : — Accademia  delle  Scienze  dell'  Istituto.     Memorie.     Serie  2. 

h2 
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Transactions  (eontinuid). 

TomoVII.,yiII.  4to.  j5o?o^a  1868-69.  Bendiconto  delle  Seanoni 

1867-68, 1868-69.  8vo.  Bologna  1868-69.  The  Academy. 

Bombay :— -Geographical  Society.     TransactionB.     From  January  1865 

to  December  1867.     Vol.  XVIII.  8vo.  ^Bomftay  1868.    The  Society. 

T/ondon  : — Clinical  Society.     Transactions.     VoL  II.  8vo.  London  1869. 

The  Society. 
Koyal  Geographicc^  Society.     Journal.     Vol.  XXXyHI.  8yo.  Zond^n 

1868.  Proceedings.      Vol.  XIII.   Nos.  3-4.  8vo.   London  1869. 

The  Society. 
Saint  Bartholomew's  Hospital.      Reports.      Vol.  V.    8vo.  London 

1869.  The  Hospital. 
Munich: — Kiin.  Baycrischc  Akademie  der  Wissenschaften.     Abhand- 

liingen.  Math.-Phys.  Classc :  Band.  X.  Abth.  2.  Hist.  Classc : 
Band  XI.  Abth.  1.  Philos.-Philol.  Classe:  Band.  XI.  Abth.  3. 
4to.  Miin^hen  1808.  Sitzungsberichte,  1869.  I.  Heft  1-3.  8to. 
Miinchen  1869.  Ueber  die  Entwicklung  der  Agrieiiltarchemie. 
Fcstrede  von  August  Vogel.  4to.  JUihicJien  1869.  Denkschrift  auf 
Cnrl  Friedr.  Phil,  von  Martins,  von  G.  F.  Meissner.  4to.  Munt^un 
1 SG9.  The  Academy. 

N(iWcastlc-upon-TjTie  : — Natural- History  Transactions  of  Norfhnmber- 
land  and  Durham.     Part.  1,  Vol.  III.  8vo.  London  1869. 

ITie  Tvnoside  Naturalists'  Field  Club. 

Stockholm  : — Kongliga  Vetcnskaps- Akademie.  Handlingar.     Ny  Foljd 
Baudot  V.  Hiiftet  2  ;  Bandet  VI.  Haftet  1-2 ;  Bandet  VII.  H&ftet  1. 

e 

4io.  Stod'holm  1 804-67.  (Efversigt  af .  .  .  .  Forhandlingar  Ar- 
gfingcn  22-25.  186.5-68.  8vo.  StoclJtolm  1866-69.  Meteon>- 
logiska  Jakttagelser  i  Sverige.  Bandet  VI.,  VII.,  VIU..  4to. 
Stocl'hohn  1864-66.  Kongliga  Svcnska  Fregatten  Eugenies  Besa 
Omkring  Jorden  under  bcfal  af  C.  A.  Virgin  Sron  1851-53. 
Zoologi  VI.  4to.  Stockholm  1868.  Lefnadsteckningar.  Band  I. 
Hiiftc  1.  8vo.  Stockholm  1869.  Igelstrom  (L.  I.),  A.  E.  Noiden- 
skiold,  and  F.  L.  Ekman.  On  the  existence  of  rocks  containing^ 
Organic  substances  in  the  fundamental  gneiss  of  Sweden.  8vo. 
Stockholm,  Lindstrom  (0.)  Om  Ootlands  Nutida  Mollusker.  8to. 
Wishy  1868.  Linnarsson  (J.  G.  0.)  On  some  fossils  found  in  the 
Eophyton  Sandstone  at  Lugn&s  in  Sweden.  Svo.  Stockholm  1869. 
Loven  (S.)  Om  en  miirklig  i  Nordsjon  lefvande  art  af  Spongia.  Sro. 
Stockholm  1868.  Nordenskiold  (A.  E.)  Sketch  of  the  Geology  of 
Spitzbergen.  8vo.  Stockholm  1867.  StSl  (Carolus.)  Hendptera 
Africana.  Tomi  I.-IV.  8vo.  //bZm?(;B  1864-66.  Sundeval  (C.  J.) 
Conspcctum  Avium  Picinarum.  8vo.  StockholmicB  1866.  Die  Thie- 
rarten  des  Aristoteles  von  den  Xlassen  dor  Saugethiere,  Vogel, 
Keptilien,  und  Insecten.  8vo.  Stockholm  1863.  The  Academy. 
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CQffin  (M.)    Metaphysiqae  da  Calcul  Diffi^rentiol.  8vo.  Arms  1869. 

The  Author. 
Galton  (F.,  F.E.8.)     Hereditary  Genius :  an  Inquiry  into  its  Laws  and 

Consequences.  Sto.  London  1869.  The  Author. 

Ganti^  ( — .)    NoticeB  SommaireB  sur  Divers  Travaux,  Bapports  et  Eta- 

blissements  Astronomiques.  8to.  Qenh;e,  The  Author. 

Lirting  (J.  B.)     TJeber  eine  Art  stereoskopischer  Wahmehmung.  12mo. 

Giktingen  1869.        The  Author. 

Zeitschrift  fur  Biobgie,  von  L.  Buhl,  M.  Fettenkofer,  &c.     Band  II.  Heft 
2, 3 ;  Band  IV.  Heft  2-4.     8vo.  Munchen  1866-69.        The  Editors. 


November  30,  1869. 
ANNIVERSARY  MEETING. 

Licut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

Dr.  T.  Graham  Balfour,  on  the  part  of  the  Auditors  of  the  Treasurer's 
Accounts  appointed  hy  the  Society,  reported  that  the  total  receipts  during  the 
past  year,  including  a  balance  of  £493  14«.  6d.  carried  from  the  preceding 
year,  and  the  Oliveira  and  Davy  bequests,  amount  to  ^6753  6s.  3d. ;  and 
that  the  total  expenditure  in  the  same  period,  including  the  Oliveira 
bequest  on  deposit,  and  the  investment  of  the  Davy  bequest,  amounts  to 
^66429  U.  Sd.,  leaving  a  balance  of  jg298  18«.  bd.  at  the  Bankers,  and  of 
£25  6m.  2d.  in  the  hands  of  the  Treasurer. 

The  thanks  of  the  Society  were  voted  to  the  Treasurer  and  Auditors. 

The  Secretary  read  the  following  Lists : — 

Fellows  deceased  since  the  last  Anniversary. 
On  the  Home  List. 


The  Rev.  Henry  Hervey  Baber,  M.A. 
Arthur  Kett  Barclay,  Esq. 
The  ReT.  John  Barlow,  M.A. 
Sir  John  Peter  Boileau,  Bart. 
John  Cam  Hobhouse,  Lord  Brough- 

ton. 
Wflliam  CUirk,  M.D. 
John  Dickinson,  Esq. 
Traiiam  Fishbum  Donkin,  Esq., 

M.A. 
Sir  Henry  Ellis,  K.H. 
James  David  Forbes,  LL.D. 
Thomas  Graham,  M.A.,  D.C.L. 
Joseph  Hodgson,  Esq. 


John  Hogg,  Esq.,  M.A. 

Levett  Landon  Boscawen  Ibbetson» 

K.R.E.  &  H. 
Joseph  Beete  Jukes,  Esq.,  M.A. 
Joseph  Jackson  Lister,  Esq. 
George  Lowe,  Esq. 
Gilbert  Wakefield  Mackmurdo,  Esq. 
John  Rogers,  Esq. 
Peter  Mark  Roget,  M.D. 
Sir  James  Emerson  Tennent,  Bart., 

LL.D. 
Lieut.-General  Thomas   Perronet 

Thompson,  M.A. 
George  Witt,  Esq. 


[Nov.  80, 


102  Anniversary  Meeting, 

On  the  Foreign  List. 
Carl  Friedrich  Philip  von  Martius.    |    Johannes  Erangelista  Purkinje. 

Change  of  Title. 

The  Bishop  of  London  to    Archbishop  of  Canterbury. 

Lord  Stanley  to    Earl  of  Derby. 

Lord  Justice  Sir  W.  Page  Wood    to    Lord  Hatherley. 

Fellows  elected  since  the  last  Anniversary. 


Sir  Samuel  White  Baker,  M.A. 
John  J.  Bigsby,  M.D. 
Charles  Chambers,  Esq. 
William  Essod,  Esq.,  M.A. 
Prof.  George  Carey  Foster,  B.A. 
Robert  Arthur  Talbot    Gascoigne- 

Cecil,  Marquis  of  Salisbury,  M.A. 
William  W.  Gull,  M.D. 
Richard    Monckton    Milnes,    Lord 

Houghton,  M.A.,  D.C.L. 
J.  Norman  Lockyer,  Esq. 


John  Robinson  M'Clean,  Esq. 
St.  George  Mivart,  Esq. 
John  Russell  Reynolds,  M.D. 
Vice-Admiral  Sir  Robert  Spencer  Ro- 
binson, K.C.B. 
Major  James  Francis  Tennant,  R.K 

Prof.  Wyville  Thomson,  LL.D. 
Col.  Henry  Edward  LandorThuillier, 

R.A. 
Edward  Walker,  Esq.,  M.A. 


Alphonse  De  CandoUe. 
Charles  Eugene  Delaunay. 

Sir  John  Macneill. 


On  the  Foreign  List. 

Louis  Pasteur. 


Readmitted. 


Edward  Solly,  Esq. 


The  President  then  addressed  the  Society  as  follows  : — 

Gentlemen, 
One  of  the  first  subjects  to  which  I  have  to  draw  your  attention  is  the  * 
Royal  Society's  Catalogue  of  Scientific  Papers,  the  printing  of  which,  I  am 
happy  to  report,  proceeds  satisfactorily.  The  third  volume,  which  I  lay 
before  you,  is  now  completed,  carrying  the  Index  of  Titles  in  alphabetical 
order  as  far  as  L  e  z  inclusive  ;  and  good  progress  has  been  made  in  cor- 
recting the  proofs  of  the  fourth  volume.  Each  succeeding  volume  of  the 
work,  of  course,  adds  to  its  practical  utility,  which  continues  to  be  thank- 
fully acknowledged  by  cultivators  of  science  in  various  parts  of  the  world. 
But  while  the  aid  to  be  derived  to  scientific  research  from  the  index 
arranged  according  to  authors*  names  is  fully  recognized,  there  can  be  no 
doubt  that  the  value  of  the  Catologue  will  be  greatly  enhanced  by  the  ful- 
filment of  the  second  part  of  the  plan  announced  in  the  preface,  namely, 
by  the  publication  of  an  Alphabetical  Index  of  Subjects.  The  prepara- 
tion of  such  an  *'  Index  Rerum "  as  is  contemplated  has  been  for  some 
time  a  subject  of  anxious  as  well  as  careful  consideration  by  the  Library 
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Committee,  and  thej  have  at  length  arrived  at  what,  they  have  reason  to 
hope,  will  be  a  most  satisfactory  solution  of  the  question,  through  a  com- 
munication with  Professor  Julius  Victor  Carus,  of  Leipsic,  who  they  found 
would  be  willing  himself  to  undertake  the  task.  I  am  happy  to  announce 
that  the  Council,  acting  on  the  recommendation  of  the  Library  Committee, 
have  entered  into  a  very  satisfactory  arrangement  with  Professor  Cams, 
who  will  be  able  to  commence  his  labours  in  the  ensuing  spring.  From 
the  well-known  scientific  accomplishment  of  Professor  Carus,  and  his 
extensive  experience  in  the  peculiar  work  to  be  performed,  as  well  as  the 
confidence  which  will  be  reposed  in  him  by  all  acquainted  with  the  nature 
of  the  undertaking  and  interested  in  its  success,  we  may  consider  the  So- 
ciety most  fortunate  in  securing  his  services. 

The  Meteorological  Department  of  the  Board  of  Trade,  superintended 
by  a  Committee  of  the  Royal  Society,  is  making  good  progress,  under  the 
able  direction  of  Mr.  Robert  Scott,  towards  the  fulfilment  of  the  objects 
for  which  it  was  constituted.  In  respect  to  the  Meteorology  of  the  United 
Kingdom,  the  seven  observatories  distributed  over  its  surface  and  maintained 
at  the  public  expense  are  all  in  thoroughly  good  working  order,  transmitting 
their  self-recorded  results  monthly  to  the  central  establishment,  where  they 
undergo  a  careful  revision  before  their  final  acceptance.  The  first  publi- 
cation of  the  numerical  results,  which  will  be  complete  for  each  of  the 
seven  observatories  for  the  year  1 869,  will  take  place  towards  the  end  of 
the  first  quarter  of  1870,  and  similarly  in  subsequent  years,  and  will  be 
followed  at  brief  intervals  by  graphical  representations  illustrating  the 
phenomena  of  the  weather  at  times  of  its  most  important  disturbances. 

The  other  departments  of  the  office  show  also  a  healthy  activity.  As 
regards  Ocean  Meteorology,  the  Committee  have  been  enabled  to  increase 
their  staff,  and  so  to  accelerate  materially  the  investigations  alluded  to  in 
my  address  of  last  year  ;  while  the  collection  of  new  observations  of  a  high 
character  is  also  going  on  steadily.  The  system  of  Weather  Telegraphy  is 
making  sohd  advances.  The  Drum  Signal  is  now  hoisted  at  upwards  of 
100  British  Stations,  and  intelligence  of  atmospheric  disturbances  felt  on 
OUT  shores  is  transmitted  to  the  coafits  of  the  continent  from  Norway  to 
Spain.  The  results  of  the  transmission  of  such  news  to  Hamburg  have 
been  especially  satisfactory. 

The  extension  of  telegraphic  communication  to  the  north  of  Scotland  has 
enabled  the  Committee  to  adopt  Wick  as  an  observing-station,  while  the 
Norw^an  authorities  have  resolved  to  make  use  of  the  direct  cable  laid 
down  last  summer  between  Scotland  and  their  coast,  to  exchange  informa- 
tion daily  with  the  office  in  London.  Hitherto  the  reports  from  Norway 
have  always  reached  us  vid  Paris,  whereby  delays  were  occasioned. 

The  attention  of  the  Committee  has  also  been  directed  to  instituting 
discussions  of  the  statistics  of  our  weather.  The  results  already  obtained 
in  this  field  lead  us  to  hope  that  the  practical  value  of  such  inquiries  will 
soon  be  manifested. 


104  Anniperiary  Meeting.  [Nov.  80^ 

The  great  Melbourne  Telescope  arriyed  at  its  destinatioo  in  Norember 
1868,  without  injury  of  any  importance — which,  perhaps,  could  hardly 
have  been  expected  after  a  voyage  of  16,000  miles,  for  an  instroment  at 
once  so  massive  and  so  delicate ! 

The  Visitors  of  the  Melbonn.e  Observatory  thought  it  advisable  to  adopt 
the  suggestion  of  Dr.  Robinson  to  provide  the  telescope  with  a  covering, 
and  for  this  purpose  they  preferred  the  second  of  the  plans  which  he  pro- 
posed— ^a  rolling  roof.  This  appears  to  have  been  satisfactorily  executed. 
It  protects  the  telescope  completely,  and  can  be  removed  by  a  single  work- 
man, leaving  the  telescope  fully  exposed  to  the  sky. 

In  erecting  the  instrument  some  trifling  difficulties  seem  to  have  been 
experienced,  and  it  was  not  fit  for  actual  work  until  the  beginning  of  last 
June,  which  is  midwinter  there,  a  season  when  cloudy  weather  prevails  to 
an  extent  which  we  were  scarcely  prepared  to  expect,  and  which  is  stated 
to  have  been  this  year  excessive.  For  these  reasons  the  habitual  work  of 
the  telescope  had  not  been  commenced  up  to  September. 

Its  performance  since  erection  does  not  appear  to  have  given  altogether 
the  same  satisfaction  at  Melbourne  that  it  did  at  Dublin ;  but  the  defects 
complained  of  may  arise  partly  from  an  imperfect  knowledge  of  the 
principles  of  the  instrument  and  inexperience  in  the  use  of  so  laige  a  tele- 
scope, partly  from  experimental  alterations  made  at  Melbourne,  and  partly 
from  atmospherical  circumstances.  Those  who  are  acquainted  with  the 
difficulties  which  Sir  J.  F.  W.  Herschel  experienced  at  the  Cape,  will  not 
be  surprised  that  they  should  be  felt  at  Melbourne  to  a  much  greater  ex- 
tent, on  account  of  the  far  greater  size  of  the  speculum.  But  I  have  no 
doubt  that  if  the  instrument  be  kept  in  its  original  condition  and  as  care- 
fully adjusted  as  it  was  at  Dublin,  it  will  perform  as  well  in  ordinary 
observing-  wea  th  er . 

The  high  impression  of  its  power  produced  by  the  trials  which  were 
made  of  it  when  at  Dublin,  is  maintained  by  a  sketch  of  a  portion  of  the 
Great  Nebula  near  i;  Argus,  made  by  M.  Le  Sueur  during  two  nights  in 
June  last. 

Some  change  in  this  nebula  from  the  time  when  it  was  described  by  Sir 
J.  F.  W.  Herschel  had  been  indicated  by  Mr.  Powell  and  other  observers, 
though  with  instruments  so  much  inferior  in  power  to  his  20-foot  re- 
flector, that  little  reliance  could  be  placed  on  them  ;  however,  here  the 
evidences  of  change  are  indisputable.  The  peculiar  opening  in  the  nebula, 
which  Sir  John  Herschel  has  compared  to  a  lemniscate,  is  still  very 
sharply  marked,  but  its  shape  and  magnitude  have  altered.  Its  northern 
extremity  is  opened  out  into  a  sort  of  estuary ;  one  of  the  remarkable  con- 
strictions seen  in  1 834  has  disappeared,  and  the  other  has  shifled  its  place. 
Two  stars  which  were  then  exactly  on  the  edges  of  the  opening  are  now 
at  some  distance  within  the  bright  nebulosity ;  the  nebula  has  become 
comparatively  faint  near  i;  Argus. 

Another  remarkable  change  is  the  formation  of  a  V-shaped  bay  south 
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and  preceding  the  kmniscate^  whose  edges  are  so  bright  that  if  it  had 
then  existed  it  conld  not  have  been  overlooked  in  the  20-foot  reflector. 
Another  feature,  which,  however,  was  perhaps  not  within  reach  of  that 
telescope,  is  an  oval  which  M.  Le  Saeur  describes  as  **  full  of  complicated 
dark  markings  and  pretty  bright  nebular  filaments."  The  angular  mag- 
nitude of  the  changes  which  have  been  thus  observed  is  so  great  as  to 
suggest  a  strong  probabiUtj  that  this  nebula  is  much  nearer  to  us  than 
the  stars  which  are  seen  along  with  it.  It  may  be  also  noticed  that  M. 
Le  Sueur  saw  nothing  to  make  him  believe  in  any  development  of  stars 
in  addition  to  those  seen  bv  Sir  J.  F.  W.  Herschel. 

The  spectroscope  and  photographic  apparatus  belonging  to  the  instru- 
ment have  by  this  time  reached  Melbourne,  and  will  no  doubt  give  good 
results,  subject  to  the  condition  that  the  fascination  of  their  use  shall  not 
be  permitted  to  interfere  with  the  primary  destination  of  the  telescope,  viz. 
the  observation  of  nebulae. 

Celestial  spectroscopy  has  indeed  attained  such  importance,  that  it 
requires  for  its  successfnl  prosecution  the  undivided  attention  of  the  astro- 
nomer who  devotes  himself  to  it,  as  well  as  an  observatory  specially  designed 
for  it.  Our  great  national  observatories  cannot  supply  this  want,  for  they 
have  their  own  specific  destination ;  and  the  high  optical  power  which  is 
required,  if  we  wish  to  make  further  progress,  is  scarcely  within  the  reach 
of  amateurs. 

These  considerations  have  induced  your  Council  to  believe  that  an 
attempt  to  encourage  and  aid  this  most  interesting  class  of  researches  is  an 
object  in  full  unison  with  the  highest  purpose  of  the  Royal  Society's  exist- 
ence ;  and  they  have  therefore,  afler  most  careful  deliberation,  resolved  to 
act  on  this  conviction  by  providing  a  telescope  of  the  highest  power  that  is 
conveniently  available  for  spectroscopy  and  its  kindred  inquiries.  The 
instrument  will,  of  course,  be  the  property  of  the  Society,  and  will  be 
intrusted  to  such  persons  as,  in  their  opinion,  are  the  most  likely  to  use  it 
to  the  best  advantage  for  the  extension  of  this  branch  of  science ;  and,  in 
the  first  instance,  there  can  be  but  one  opinion  that  the  person  so  selected 
should  be  Mr.  Huggins. 

The  execution  of  this  project  was  much  facilitated  by  the  receipt  of 
J81350  from  a  bequest  made  to  the  Society  by  the  late  Mr.  Oliveira;  and 
in  the  beginning  of  the  year  proposals  were  received  from  the  chief  opticians 
of  the  time,  of  which  that  of  Mr.  Grubb  was  accepted  last  April. 

The  conditions  proposed  were,  that  the  object-glass  of  the  telescope 
should  be  of  15  inches  aperture,  and  not  more  than  15  feet  focus,  that 
the  arrangements  of  its  equatorial  should  be  such  that  it  could  be  easily 
worked  by  the  observer  without  an  assbtant,  and  that  the  readings  of  its 
circles  could  be  made  without  leaving  the  floor  of  the  observatory.  Mr. 
Grubb  was  fortunate  enough  to  secure  two  disks  which  had  been  exhibited 
by  Messrs.  Chance  at  the  French  Exhibition.  They  are  of  first-rate 
transparency  ;  and  as  the  construction  which  has  been  adopted  admits  of 
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the  lenses  being  cemented,  this  object-glass  will  transmit  an  imusoallj  large 
portion  of  light.  The  respecti?e  indices  of  the  glasses  were  determined  by 
making  facets  on  their  edges  at  an  angle  of  60^,  and  observing  spectral 
lioets  through  the  prisms  thus  formed  with  a  spectroscope  of  such  magni- 
tude as  to  admit  of  their  being  placed  on  its  table.  The  distinctness  with 
which  even  faint  lines  were  seen  through  12  inches  of  the  glass  is  a  most 
satisfactory  proof  of  its  purity  and  clearness.  From  these  Professor  Stokes 
computed  the  curves  for  the  lenses ;  and  his  numbers  were  almost  identical 
with  those  which  Mr.  Grubb  had  obtained. 

I  may  meution  that  some  fears  had  been  entertained  that  the  equality  of 
curvature  in  the  adjacent  surfaces  might  call  up  a  ffhost,  if  the  lenses  were 
used  uDcemented,  and  that  this  has  been  tried  and  no  such  effect  was 
visible.  Subsequently  a  rather  novel  addition  has  been  made,  bearing 
upon  the  radiation  of  heat  from  the  stars.  An  object-glass  intercepts  so 
much  of  the  heat- rays  that,  to  economize  the  infinitesimal  effect  which  is 
expected,  a  metallic  mirror  is  more  promising.  The  equatorial  is  there- 
fore, at  the  suggestion  of  Mr.  De  La  Rue,  provided  with  the  means  of 
changing  the  15-inch  achromatic  for  an  18-inch  reflector;  and  this  has 
been  accomplished  by  means  notable  for  their  facility  and  their  safety. 

The  instrument  will  be  ready  for  trial  in  December  of  the  present  year. 
In  the  meantime  it  may  be  said  that  the  object-glass,  notwithstanding  the 
difficulty  of  working  one  of  so  short  a  focus,  gives  promise  of  very  high 
excellence. 

With  respect  to  the  equatorial,  it  has  been  ascertained  that  a  force  of 
2  lb.  applied  at  the  eyepiece  is  sufficient  to  move  the  telescope  easily  on  its 
declination  axis,  and  l^  lb.  on  its  polar  axis ;  however,  when  all  its  parts 
are  put  together,  these  forces  may  require  to  be  increased  -J-. 

The  anticipations  which  I  ventured  to  express  in  may  last  year's  Address, 
of  the  renewal  in  the  summer  of  the  present  year  of  the  researches  on  the 
temperature  of  the  sea  at  great  depths,  and  on  the  nature  of  the  sea- 
bottom  and  the  life  existing  in  its  vicinity,  have  been  realized  by  an  ample 
provision  on  the  part  of  Her  Majesty's  Government,  and  a  devotion  on  the 
part  of  the  Fellows  of  the  Royal  Society,  viz.  Dr.  Carpenter,  Prof.  Wyville 
Thomson,  and  Mr.  Gwyn  Jeffreys,  meriting  the  highest  praise.  The  ex- 
istence of  persistent  deep-sea  currents  of  very  different  temperatures  in 
proximity  to  each  other,  and  their  influence  on  the  inhabiting  forms  of 
life  and  on  the  nature  of  the  sea- bed,  together  with  the  great  extension  of 
our  knowledge  of  the  variety  and  characteristics  of  the  ne\(  forms  of  life 
which  have  been  discovered,  justify  the  belief  that  we  have  embarked  on  a 
field  of  discovery  and  research  which  will  not  soon  be  exhausted,  and  which 
will  have  no  unimportant  bearing  on  the  earlier  geology  of  our  globe,  as 
well  as  on  our  knowledge  of  the  life  at  present  existing  on  the  submerged 
portions  uf  its  surface. 

It  had  long  been  inferred  by  naturalists  that  species  of  the  marine 
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InverCebrata  may  have  a  far  wider  extension  on  the  surface  of  the  globe 
than  is  the  case  with  the  inhabiters  of  the  land.  The  correctness  of  this 
inference  received  the  fullest  confirmation  by  the  researches  of  the  late 
Admiral  Sir  James  Clark  Ross,  whose  dredges  brought  up  from  the 
depths  of  the  Antarctic  Ocean  individuals  of  species  which  were  well 
known  to  him  from  his  earlier  dredging  operations  in  the  Arctic  seas. 
These  animals  are  known  to  be  particularly  sensitive  in  regard  to  tempe- 
rature; and  we  have  no  reason  to  doubt  his  conclusion,  that  water  of 
nmilar  temperature  to  that  of  the  Arctic  and  Antarctic  seas  exists  in  the 
depths  of  the  intermediate  ocean,  and  may  have  formed  a  channel  for  the 
dissemination  of  species.  The  barrier  which  the  heated  regions  of  the 
tropics  present  to  the  migrations  of  the  land  animals  of  colder  climates 
does  not  exist  in  the  case  of  many  of  those  inhabitants  of  the  sea  whose 
remains  constitute  a  large  portion  of  the  fossiliferous  strata  of  the  globe. 

Tlie  Fellows  will  not  have  forgotten  the  important  paper  on  the  Flora  of 
North  Greenland  by  Prof.  Oswald  Heer,  which  was  read  last  winter,  and 
which  will  speedily  be  in  their  hands  in  the  forthcoming  volume  of  the 
Transactions.  The  inquiries  carried  on  by  this  eminent  botanist  have 
determined,  beyond  the  possibility  of  cavil,  the  climatological  conditions  of 
the  Arctic  regions  at  a  geological  epoch  which  is  comparatively  recent  (the 
Miocene),  and  have  shown  that  they  must  have  resembled  very  closely 
those  now  prevailing  in  latitudes  at  least  20°  lower ;  for  such  is  the  zone 
inhabited  by  the  living  representatives  of  the  plants  found  fossil  by  him  in 
the  localities  in  which  they  grew. 

The  specimens  brought  by  the  recent  Swedish  Expedition  from  Spitz- 
bergeu  have  also  been  submitted  to  his  examination  ;  and  it  appears  that  a 
portion  of  these,  from  Advent  Bay,  belong  to  the  Quaternary  Epoch.  It 
will  therefore  be  a  matter  of  no  small  interest  to  determine  accurately  the 
changes  of  climate  which  took  place  in  that  locality  at  the  expiration  of  the 
Miocene  era. 

I  proceed  to  the  award  of  the  Medals. 

The  Copley  Medal  has  been  awarded  to  M.  Victor  Regnault,  Foreign 
Member  of  the  Royal  Society,  for  the  second  volume  of  his  '  Relation  des 
Experiences  pour  determiner  les  lois  et  les  donndes  physiques  n^cessaires 
au  calcul  des  Machines  ii  Feu,'  including  his  elaborate  investigations  on 
the  Specific  ^eat  of  Grases  and  Vapours,  and  various  papers  on  the  Elastic 
Force  of  Vapours. 

The  name  of  M.  Victor  Begnault  has  been  associated  for  the  last  quarter 
of  a  century  with  the  most  refined  and  delicate  experimental  inquiries  con- 
nected with  the  measurement  of  heat.  The  amount  of  labour  involved  in 
his  researches  upon  the  specific  heat  of  simple  and  compound  bodies,  upon 
the  dilatation  of  gases  and  vapours,  upon  the  comparison  of  the  air-thermo- 
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meter  with  the  mercurial  thermometer^  upon  the  elastic  force  d  aqueoua 
vapour^  upon  the  determination  of  the  density  of  gaaes»  and  upon  hygro- 
metry  must  excite  the  astonishment  of  all  who  can  estimate  the  difficulty  of 
the  problems  attacked^  the  precision  of  the  results  attained^  and  the  funda- 
mental character  of  the  data  which  he  has  determined. 

These  researches  were  published  before  the  year  1850  ;  many  of  them 
were  embodied  in  the  first  volume  of  his  *  Relation  des  Experiences  pour 
determiner  les  lois  et  les  donn^es  physiques  n^cessaires  au  calcul  des  Ma- 
chines k  Feu."  The  Royal  Society  marked  their  sense  of  the  importance 
of  these  earlier  labours  of  M.  Regnault  by  the  presentation  of  the  Rumford 
Medal  in  the  year  1848. 

He  has  since  published  the  second  volume  of  that  great  work,  to 
which  more  especially  the  Copley  Medal  is  now  awarded.  It  embraces  a 
series  of  researches  even  more  delicate  and  difficult ;  to  use  the  words  of 
one  whose  recent  loss  we  all  deplore,  and  whose  opinion  on  this  subject 
possesses  a  weight  which  is  equalled  by  few,  viz.  the  late  Mr.  Graham,  *'  in 
these  researches  a  degree  of  precision  is  attained,  where  precision  is  all- 
important,  which  appears  never  to  have  been  surpassed,  or  perhaps  even 
approached  before  in  similar  inquiries.  The  results  are  data  of  a  funda- 
mental character,  to  the  completion  of  which  chemists  and  natural  philoso- 
phers have  been  looking  anxiously  for  years  past,  and  which  they  have 
now  received  from  the  bauds  of  M.  Regnault  with  a  feeling  of  entire 
confidence." 

The  researches  on  the  specific  heat  of  gases  and  vapours,  alone,  consti- 
tute a  monumental  work.  Upon  this  subject  the  most  discordant  results 
had  been  obtained  by  experimental  investigators  of  tried  skill  and  inge- 
nuity; and  the  problem,  notwithstanding  its  importance,  exhibited  a  series 
of  perplexing  contradictions. 

Before  commencing  his  own  experiments,  M.  Regnault  submitted  the 
various  methods  of  previous  inquirers  on  the  subject  to  a  minute  compa- 
rison and  criticism,  particularly  those  of  Delaroche  and  B^rard,  of  Hay- 
craft,  and  of  Apjohn  and  Suesman.  M.  Regnault  finally  adopted  a  method 
based  upon  the  one  proposed  by  Delaroche  and  B^rard.  The  principle 
of  it  may  be  explained  in  a  few  words. 

A  current  of  the  compressed  gas  under  experiment  is  made  to  traverse 
at  a  uniform  velocity  a  metallic  worm  maintained  at  a  uniform  temperature. 
The  heated  gas  is  then  transmitted  through  a  calorimeter,  and  the  amount 
of  the  following  quantities  determined,  viz. : — 1,  the  weight  of  the  gas 
employed  ;  2,  the  cooUng  of  the  gas  ;  3,  the  rise  of  tern  perjure  of  the 
water  in  the  calorimeter.  From  these  data  the  specific  heat  of  the  gas  is 
calculated. 

Amongst  various  special  contrivances  required  for  avoiding  error,  it  was 
necessary  to  have  the  means  of  regulating  the  escape  of  the  gas  with  suffi- 
cient uniformity,  and  for  preventing  its  issue  from  the  calorimeter  at  vary- 
ing pressures. 
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Some  idea  of  the  enormous  amount  of  labour  bestowed  upon  these  re* 
searches  may  be  formed  from  the  fact,  that  not  fewer  than  eighty-four  ex- 
periments were  made  upon  the  specific  heat  of  air,  under  different  pres- 
sures and  temperatures,  forty-three  upon  aqueous  vapour,  twenty-four 
upon  carbonic  acid,  and  a  considerable  number  upon  other  important 
gases  and  vapours,  embracing  no  fewer  than  thirty-six  different  elemen- 
tary and  compound  bodies,  many  of  which  required  special  modifications 
of  the  method  and  apparatus  employed. 

Besides  this  remarkable  series  of  researches,  M.  Regnault  has  embodied 
in  his  work : — investigations  on  the  compressibility  of  gases  under  wide  vari- 
ations of  pressure,  and  on  the  specific  heat  of  liquids  at  different  tempera- 
tures ;  also  a  second  memoir  on  the  elastic  force  of  saturated  vapours  at 
different  pressures,  which  he  has  extended  to  the  compressed  gases,  and  to 
the  density  of  vapours  emitted  by  saline  solutions  and  by  mixed  liquids. 
In  addition  to  all  these,  he  has  a  memoir  on  the  latent  heat  of  vapours  at 
different  tensions. 

This  extended  series  of  investigations  is  carried  out  with  minute  and 
scrupulous  precision,  and  the  sources  and  limits  of  error  are  traced  and 
guarded  against  with  unvarying  skill  and  sagacity.  The  publication  of 
this  work,  the  greatest  experimental  contribution  of  any  single  individual 
to  the  science  of  heat,  must  indeed  mark  an  era  in  the  history  of  thermotics, 
and  furnish  data  of  enduring  value  both  to  the  chemist  and  the  physicist 
in  all  that  concerns  specific  and  latent  heat,  and  the  laws  of  elastic  force 
as  acting  on  aeriform  bodies. 

Professor  Miller, 
We  greatly  regret  that  we  are  deprived  of  the  pleasure  of  Monsieur 
Regnault' s  presence  by  reason  of  illness  in  his  family.      I  will  there- 
fore request  you  to  receive  the  Medal  on  his  behalf,  and  to  transmit  it  to 
him  with  the  assurance  of  the  Society's  highest  respect. 

The  Council  has  awarded  a  Royal  Medal  to  Sir  Thomas  Maclear,  Astro- 
nomer Royal  at  the  Cape  of  Good  Hope,  for  his  Measurement  of  an  Arc 
of  the  Meridian  at  the  Cape  of  Good  Hope. 

Our  sole  knowledge  of  the  figure  of  the  southern  hemisphere  rests  on  the 
arc  of  the  meridian  measured  by  La  Caille,  and  now  remeasured  and  ex- 
tended by  Maclear.  The  original  measurement,  notwithstanding  the  well- 
known  ability  of  the  great  astronomer  under  whose  superintendence  it  was 
executed,  has  not  commanded  confidence.  The  magnitude  of  the  degree 
inferred  from  it  is  far  too  great,  and,  if  accepted,  would  lead  to  the  con- 
clusion that  the  dimensions  of  the  two  hemispheres  are  dissimilar.  But 
La  CaiUe's  angles  were  observed  with  a  quadrant,  not  with  a  circle,  and 
were  therefore  liable  to  errors  of  eccentricity  and  of  figure ;  while  the 
effects  of  local  attraction,  if  recognized  at  all,  were  very  imperfectly  ap- 
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predated.     These  consideratioDS  induced  Madear,  shortly  after  his  ap- 
pointmeiit  to  the  Cape  Obserratory,  to  plan  the  verification  which  he  has 
now  accomplished.      Pursuing  the  still  earlier  inquiries  of  Sir  Greorge 
Everest,  he  succeeded,  though  with  considerable  difficulty,  in  recovering 
La  Caille's  terminal  stations ;  and,  aided  by  the  advice  and  encouragement 
of  Sir  John  Herschel  (then  at  the  Cape)  and  of  the  Astronomer  Royal,  he 
commenced  the  work  of  a  remeasurement  in  1836.     The  proceedings  were 
necessarily  tedious :  the  measurements  of  the  base,  of  the  triangles,  and  of 
the  zenith-distances  were  repeated  to  an  extent  and  with  precautions  un- 
practised at  the  earlier  period.     The  zenith-distances  were  observed  with 
the  sector  with  which  Bradley  discovered  the  aberration  of  light  and  the 
nutation  of  the  earth's  axis,  intrusted  to  Maclear  by  the  Admiralty.     The 
terrestrial  angles  were  taken  with  a  20-inch  circle  by  Jones,  and  a  smaller 
theodolite  by  Reichenbach,  both  of  remarkable  precision.     The  base,  from 
which  all  the  distances  were  derived,  was  measured  with  the  compensation 
bars  used  in  the  Irish  triangulation.     Thus,  in  respect  to  the  means  em- 
ployed, this  arc  of  the  meridian  may  be  regarded  as  inferior  to  none  on 
record.    A  full  account  of  the  whole  was  completed  in  1 866,  and  has  been 
published  by  the  Admiralty  in  two  quarto  volumes.     It  does  not  confirm 
the  abnormal  value  obtained  by  La  Caille,  but  shows  a  probable  cause  for 
the  discordance.     La  Caille's  northern  station  was  in  a  hollow  surrounded 
by  mountains,  one  of  which,  half  a  mile  distant  to  the  north,  was  a  mass  of 
rock  2000  feet  high  ;  and  others,  at  distances  somewhat  greater,  were  still 
near  enough  to  create  disturbance.     A  station  so  situated  was  obviously  ill 
suited  to  be  a  terminal  station ;  and  the  triangulation  was  therefore  ex- 
tended across  an  immense  plain  of  sand  to  a  point  without  any  visible  source 
of  local  attraction.     By  this  extension,  and  by  a  similar  one  to  the  south, 
Maclear's  arc  has  an  amplitude  nearly  four  times  as  great  as  that  of  La 
Caille,  and  is,  on  this  account,  as  well  as  on  account  of  the  greater  accuracy 
in  detail,  far  more  deserving  of  confidence.     The  degree  which  is  derived 
from  it  is  11 33  feet  shorter  than  that  of  La  Caille  ;  and  as  La  Caille's  is 
1051  longer  than  that  given  by  the  spheroid  which,  according  to  Airy, 
represents  the  average  of  northern  arcs,  Maclear's  determination  is  evidently 
a  near  approximation  to  the  truth.     This  is  even  more  distinctly  shown  by 
the  close  agreement  of  the  latitudes  computed  from  the  geodetic  measure- 
ments with  those  given  by  the  sector — that  of  the  north  extremity  being 
0*4"  in  defect,  that  of  the  south  extremity  0''*5  in  excess. 

Captain  Richards, 
We  should  indeed  have  been  happy  to  have  had  Sir  Thomas  Maclear's 
presence  among  us ;  but  in  his  present  unavoidable  absence  I  will  request 
you  to  receive  this  Medal  on  his  behalf,  and  to  transmit  it  to  him  with  the 
assurance  of  the  very  great  pleasure  which  it  will  give  to  the  Society  to 
welcome  him  on  his  return  to  his  native  country. 
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A  Royal  Medal  bag  been  awarded  to  Dr.  Augastas  Mattbiessen,  F.R.S., 
for  bis  researcbea  on  tbe  electrical  and  otber  pbytncal  properties  of  metals 
and  tbeir  alloys. 

Tbe  earlier  of  Dr.  Mattbiessen's  piiblisbed  researches  related  to  tbe 
preparation  of  tbe  metals  of  tbe  alkaline  eartbs.  Having  succeeded  in 
establisbing  or  perfecting  metbods  for  the  production  of  these,  be  pro- 
ceeded to  institute  a  far  more  complete  examination  of  their  physical 
properties  than  bad  previously  been  attempted.  These  researches  appear 
to  have  led  to  bis  investigation  of  the  more  important  physical  properties 
of  tbe  principal  metals  and  tbeir  alloys.  In  some  of  these  investigations 
Dr.  Matthiessen  associated  himself  with  younger  workers  in  science  of 
proved  ability,  Messrs.  Holzmann,  Box,  and  Vogt ;  and  the  results  arrived 
at  were  included  in  a  series  of  nine  papers  published  in  tbe  '  Philosophical 
Transactions.'  They  embrace  the  determinations  of  tbe  specific  gravities, 
the  expansion  due  to  beat,  the  thermo-electric  properties,  the  electric  con- 
ducting-power,  and  the  effects  of  temperature  upon  the  electric  conducting- 
power. 

The  laws  deduced  from  the  results  of  Dr.  Mattbiessen's  electrical  expe- 
riments are  now  in  constant  use  by  telegraphic  engineers.  Tbe  causes  of 
the  great  variations  observed  in  the  electric  conducting-power  of  com- 
mercial copper  were  first  elucidated  by  him,  and  an  important  report  was 
made  by  him  on  this  subject  in  1860  to  tbe  Committee  appointed  by 
Government  to  inquire  into  the  construction  of  Submarine  Telegraph 
Cables.  His  investigation  of  this  subject  has  resulted  in  very  great  im- 
provement of  tbe  conducting-power  of  the  copper  wire  used  in  submarine 
telegraphy.  Closely  connected  with  this  branch  of  his  researches  are  the 
investigations  which  Dr.  Matthiessen  carried  out  for  the  Electrical- Standard 
Committee  of  the  British  Association,  of  which  be  was  one  of  the  most 
active  members.  The  resistance-coils  issued  by  that  Committee,  which 
have  been  very  generally  adopted  as  standard  instruments,  are  all  con- 
stmcted  of  an  alloy  of  platinum  and  tin,  which,  after  a  long  series  of  experi- 
ments. Dr.  Matthiessen  recommended  as  specially  fitted  for  that  purpose. 

Under  the  auspices  of  the  British  Association,  Dr.  Matthiessen  under- 
took, a  few  years  ago,  tbe  investigation  of  the  chemical  constitution  of 
cast  iron,  and  of  the  influence  exerted  upon  the  physical  properties  of  that 
metal  by  the  several  other  elements  which  generally  occur  in  association 
witb  it.  With  these  objects  in  view  he  has  laboured  most  perseveringly 
in  tbe  preparation  of  iron  in  a  chemically  pure  condition,  and  in  quanti- 
ties sufficient  to  admit  of  tbe  attainment  of  thoroughly  trustworthy  results 
in  tbe  study  of  the  physical  and  chemical  properties  of  the  pure  metal  and 
of  its  alloys.  His  researches  in  this  direction  have  recently  been  crowned 
witb  success ;  and  the  method  of  producing  pure  iron,  which  he  has  elabo- 
rated, promises  to  be  fruitful  in  interesting  and  important  results  in  the 
hands  of  himself  and  the  other  chemists  with  whom  he  has  been  associated 
in  this  inqniry. 
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Dr.Matthieasen's  reaeuches,  publiihed  ia  the  Fhiloflophical  TraiuactioiUy 
on  the  action  of  oxidising  agents  npon  organic  bases  and  on  the  chemical 
constitution  of  narcotics  (the  Utter  ioTcstigation  haTing  been  condocted  in 
conjunction  with  Professor  G.  C.  Foster),  furnish  proofs  of  the  success  of  his 
labours  in  organic  chenustry.  The  accounts  published  in  our  'Proceedings,' 
of  the  results  of  his  most  recent  researches  in  this  branch  of  chemical 
science,  show  that  he  has  entered  upon  a  line  of  inrestigation  as  productiye 
of  interesting  and  important  results  as  any  which  he  has  yet  pursued.  Thus, 
he  has  already  established  an  intimate  relation  between  the  organic  bases 
morphia  and  codeia,  and  has  shown  that  when  either  of  these  is  treated 
with  hydrochloric  acid,  a  new  base  is  produced*  which  he  has  called  apo- 
morpbia,  and  which,  though  only  differing  from  the  powerful  narcotic 
morphia  by  the  elements  of  water,  possesses  the  very  distinct  characteristics 
of  a  most  powerful  emetic.  The  substance  known  as  Papaverine,  hitherto 
regarded  as  a  distinct  organic  base,  is  at  the  present  time  the  subject  of 
Dr.  Matthiessen's  study,  and  promises  to  yield  results  of  considerable 
interest. 

Dr.  Matthiessen's  researches  are  distingubbed  as  well  for  their  diversity 
as  for  their  uniformly  complete  and  trustworthy  character. 

Dr.  MaTTHI ESSEN, 

I  have  great  pleasure  in  presenting  you  with  this  Medal,  which  you  will 
receive  as  a  mark  of  the  value  which  the  Royal  Society  attaches  to  your 
researches,  and  the  interest  with  which  it  regards  your  continuation  of 
them. 

Before  concluding,  I  have  to  acquaint  you  that  the  Society  will  in  future 
years  have  an  additional  Medal  to  bestow.  Dr.  John  Davy,  brother  of  Sir 
Humphry  Davy,  has  bequeathed  to  the  Royal  Society,  in  fulfilment  of  an 
expressed  wish  of  his  illustrious  brother,  a  service  of  Plate,  presented  to 
Sir  Humphry  Davy  for  the  invention  of  the  Safety  Lamp,  to  be  employed 
in  founding  a  Medal  to  be  given  annually  for  the  most  important  dis- 
covery in  Chemistry  made  in  Europe  or  Anglo- America.  The  directions 
given  in  the  will,  respecting  the  manner  in  which  the  plate  should  be  dis- 
posed of,  have  been  fulfilled,  and  the  proceeds  invested  in  India  securities* 
yielding  a  little  more  than  ^30  a  year ;  and  it  now  remains  with  your 
Council  to  determine  the  form  of  the  Medal,  and  to  specify  the  conditions 
under  which  it  will  be  awarded. 

On  the  motion  of  Capt.  Richards,  seconded  by  Mr.  Abel,  it  was  re- 
solved,— **  That  the  thanks  of  the  Society  be  returned  to  the  President  for 
his  Address,  and  that  he  be  requested  to  allow  it  to  be  printed." 

The  Statutes  relating  to  election  of  the  Council  and  Officers  having 
been  read,  and  Mr.  C.  V.  Walker  and  Dr.  Webster  having  been,  with  the 
consent  of  the  Society,  nominated  Scrutators,  the  votes  of  the  Fellows 
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present  were  collected,  and  the  following  were  declared  duly  elected  as 
Council  and  Officers  for  tbe  ensuing  year : — 

PrmWifii/.— Lieut  .-General  Sir  Edward  Sabine,  R.A.,  K.C.B.,  D.C.L., 

LL.D. 

IVeonrrer.— William  Allen  Miller,  M.D.,  D.C.L.,  LL.D. 

Secretaries,- 1  ^^^^"  Sharpey.  M.D.,  LL.D. 

I  George  Gabriel  Stokes,  Esq.,  M.  A.,  D.C.L.,  LL.D. 

Foreign  Secretary, — Professor  William  Hallows  Miller,  M.A.,  LL.D. 

Other  Members  of  the  Council. — Frederick  Currey,  Esq.,  M.A. ;  Warren 
De  La  Rue,  Esq.,  Ph.D. ;  Sir  Philip  de  M.  Grey  Egerton,  Bart. ;  William 
Henry  Flower,  Esq. ;  William  Huggins,  Esq. ;  John  Gwyn  Jeffreys,  Esq. ; 
John  Marshall,  Esq. ;  Augustus  Matthiessen,  E^q.,  Ph.D. ;  George  Henry 
Richards,  Capt.  R.N. ;  The  Marquis  of  Salisbury,  M.A. ;  Charles  William 
Siemens,  Esq. ;  John  Simon,  Esq. ;  Archibald  Smith,  Esq.,  M.A. ;  Prof. 
Henry  J.  Stephen  Smith,  M.A. ;  Prof.  John  Tyndall,  LL.D. ;  Prof.  Alex- 
ander W.  Williamson,  Ph.D. 

The  thanks  of  the  Society  were  voted  to  the  Scrutators. 
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December  9,  1869. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

It  was  announced  from  the  Chair  that  the  President  had  appointed  the 
following  Memhers  of  Council  to  be  Vice-Presidents : — 

The  Treasurer. 
Mr.  De  la  Rue. 
Sir  Philip  Egerton. 
Capt.  Richards. 
Mr.  Archibald  Smith. 

Dr.  W.  W.  Gull  was  admitted  into  the  Society. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows : — 

Transactions. 

Albany : — State  of  New  York.  Fiftieth  and  Fifby-first  Annual  Reports 
of  the  Trustees  of  the  State  Library.  Twentieth  Annual  Report  of 
the  Regents  of  the  University  on  the  Condition  of  the  State 
Cabinet  of  Natural  History.  Report  of  Dr.  Peters  on  the  Longitude 
of  the  Western  Boundary  Lino  of  the  State  of  New  York.  8vo. 
New  York  1868-69.  The  Regents  of  the  University. 

Boston : — American  Academy  of  Arts  and  Sciences.     Proceedings.  VoL 

VII.  Sheets  44-66.  8vo.  Boston  1868.  The  Academy. 

Boston  Society  of  Natural  History.     Proceedings.     Vol.  XII.  Sheets 

1-17.      Occasional  Papers,  I.  (Entomological  Correspondence  of 

T.  W.  Harris.)  8vo.  Bosto7i  1868-69.  The  Society. 

Breslau  : — Schlesische  Gesellscbaft  fiir  vaterliindische  Cultur.  Abhand- 
lungen.  Phil.-Hist.  Abth.  1868.  Heft  II.  1869.  Abth.  fiir  Na- 
turwissenschaften  und  Medicin,  1868-69.  Sechsundvierzigster 
Jabresbericht.  8vo.  Breslau  1869.  The  Society. 

Cambridge,  Mass.: — American  Association  for  the  Advancement  of  Science. 
Proceedings.  Sixteenth  Meeting  held  at  Burlington,  Vermont, 
August  1867.  8vo.    Cambridge  1868.  The  Association. 

Harvard  College.  Forty- Second  Annual  Report  of  the  President  for 
the  year  1867-68.  Treasurers  Statement,  1868.  Report  of  the 
Board  of  Overseers,  1869.  A  Catalogue  of  the  Officers  and  Stu- 
dents for  the  year  1868-69.  The  New  Catalogue  of  Harvard 
College  Library,  and  other  papers.  8vo.  The  College. 

Museum  of  Comparative  Zoology.      Annual  Report  of  the  Trustees, 
1868.  Bulletin,  pp.  121-142.  8vo.  Boston  and  Cambridge  1868-69. 

The  Museum. 

Caracas  : — Sociedad  de  Ciencias  Fisicas  y  Naturales.  Vargasia :   Boletin 
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Transactions  {continued), 

de  la  Sociodad.  Num.  1-4.  El  Lago  de  Asfalto  en  la  Isla  de  Tri- 
nidad, por  A.  Bojas.  La  Sumergida  Isla  de  Atlantis,  por  el  Dr.  F. 
Unger,  traducido  por  G.  A.  Ernst.  Rede  gehalten  am  Abend  der 
Vorfeier  des  Humboldt- Festes  13.  Sept.  1869  in  der  Euine  von 
Saboura  Grande,  von  A.  Ernst.  8vo.  Cardcas  1867-69. 

The  Society. 
London : — Geological  Survey  of  Great  Britain.  Memoirs.  Beports  on  the 
Geology  of  Jamaica,  by  J.  S.  Sawkins.  The  Geology  of  the  Carbo- 
niferous Limestone,  Yoredale  Eocks,  and  Millstone  Grit  of  North 
Derbyshire  and  the  adjoining  parts  of  Yorkshire.  The  Triassic 
and  Permian  Bocks  of  the  Midland  Counties  of  England,  by 
E.  Hull.  The  Geology  of  part  of  the  Yorkshire  Coal-field.  Mineral 
Statistics  for  1868,  by  R.  Hunt.  Catalogue  of  the  published  Maps, 
Sections,  Memoirs,  and  other  Publications.  8vo.  London  1869. 

The  Survey. 
Royal  Medical  and  Chirurgical  Society.     Medico  Chirurgical  Trans- 
actions.    Vol.  LII.     8vo.  London  1869.  The  Society. 
New  York.     Lyceum  of  Natural  History.     Annals.    Vol.  IX.  N 08.1-4. 
8vo.  New  York  1868.                                                     The  Lyceum. 
United  States  Sanitary  Commission.     A  Sketch  of  its  purposes  and 
its  work.  12mo.  Boston  1863.     A  Succinct  Narrative  of  its  works 
and  purposes.  8vo.  Netv  York  1864.     History  of  the  Commission, 
by  C.  J.  StiUe.  8vo.  New  York  1868.     Memoirs,  Statistical.   8vo. 
New  York  1869.     History  of  the  Brooklyn  and  Long  Island  Fair, 
Feb.  22,  1864.  8vo.  Brooklyn  1864.     Memoir  of  the  Great  Central 
Fair  held  at  Philadelphia,  June  1864,  by  C.  J.  Stille.    4to.    Phila- 
delphia 1864.     A  Record  of  the  Metropolitan  Fair  held  at  New 
York  in  April  1864.  4to.  New  York  1867.            The  Commission. 
Philadelphia : — Forty- Ninth  Annual  Report  of  the  Board  of  Controllers 
of  Public  Schools  of  the  First  School  District  of  Penn'a  for  the  year 
ending  Dec.  31, 1867.     8vo.  Philadelphia  1868.  The  Board. 
American  Philosophical  Society.    Proceedings.  Vol.  X.    Nos.  78-80. 
Svo.  Philadelphia  1867-68.                                            The  Society. 
Pisa : — ^Memorie  Valdamesi.  Vol.  I.-IV.  8vo.  Pisa  1835-55. 

C.  Falconer,  Esq. 

San  Francisco : — CaHfomia  Academy  of  Sciences.  Proceedings.  Vol.  IV. 

Part  1.     8vo.  San  Francisco  1869.  The  Academy. 

Toulouse: — Academic  Impdriale  des  Sciences,  Inscriptions  et  Belles- 

Lettres.  Memoires.  7*  sdrie,  Tome  I.  8vo.  Toulouse  1869. 

The  Academy. 

Washington : — National  Academy  of  Sciences.     Letters  of  the  President 

and  Vice-President,  1867-68.  8vo.    Washington,       The  Academy. 

Smithsonian  Institution.     Annual  Report  of  the  Board  of  Regents  for 

the  year  1867.  Svo.  Washington  1868.  The  Institution. 
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Chase  (P.  E.)  Some  Bemarks  on  the  Fall  of  Bain,  as  affected  by  the  Moon. 
On  some  Qeneral  Connotations  of  Magnetism.  Svo.  Philadelphia 
1868.  The  Author. 

Hugueny  (F.)  Le  Coup  de  Foudre  de  I'He  du  Khin  pr^  de  Strasbourg 
(13  Juillet,  1869).  4to.  Strasbourg  1869.  The  Author. 

Lea  (Isaac)  Descriptions  of  Twelve  New  Species  of  Unionidcg  from  South 
America.  Notes  on  some  Members  of  the  Feldspar  Family  &c.  Svo. 
Philadelphia  1868.  The  Author. 

Bees  (G.  Owen,  F.B.S.)  The  Harveian  Oration  delivered  at  the  Boyal 
College  of  Physicians,  June  2^,  1869.  12mo.  London  1869. 

The  Author. 

Smiles  (B.)  Memoir  of  the  late  Henry  Booth,  of  the  Liverpool  and  Man- 
chester, and  afterwards  of  the  London  and  North- Western  Bailway. 
Svo.  London  1869.  Miss  Booth. 

Tuson  (B.  Y.)  A  Pharmacopoeia,  including  the  Outlines  of  Materia  Medica 
and  Therapeutics,  for  the  use  of  Practitioners  and  Students  of  Veteri- 
nary Medicine.  12mo.  London  1869.  The  Author. 

The  following  communications  were  read  : — 

I.  "  Spectroscopic  Observations  of  the  Sun.*' — No.  V.     By  J.  Nor- 

man LocKYER,F.R.S.     Beceived  July  8,  1869.     (Seep.  74.) 

II.  *^  Besearches  on  Gaseous  Spectra  in  relation  to  the  Physical  Con- 

stitution of  the  Sun,  Stars^  and  Nebulas.^' — Third  Note.  By  E. 
Frankland^  F.B.S.,  and  J.  Norman  Locrter,  F.B.S*  Be- 
ceived July  14,  1869.     (See  p.  79.) 

III.  '^  On  the  successive  Action  of  Sodium  and  Iodide  of  Ethyl  on 
Acetic  Ether.'^  By  J.  Alfred  Wanklyn,  F.C.S.  &c.  Com- 
municated by  Professor  Williamson.  Beceived  July  16, 1869. 
(Seep.  91.) 

IV.  "  On   Linear   Differential  Equations.'^    By  W.  H.  L.  Bussell, 

F.B.S.     Beceived  November  13,  1869. 

The  condition  that  the  linear  differential  equation 

ax  ax 

admits  of  an  integral  u^eJ^^,  where  0  is  a  rational  function  of  {x\  is 
given  by  the  system  of  equations 


•                  •                  I 

0  .  .  .  Pr-1 

Qr-l 
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■                       • 
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0  ...0 

Pr 

Or 

Rr 

Sr 
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.                  .                  . 
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where  Pn  Qr>  B^  S^  are  given  as  follows. 


1869.]    Mr.  W,  H.  L.  Rossell  on  Linear  Differential  Equations.      1 19 
When  at,  /i,y  9LTe  none  of  them  equal  to  zero,  and 

P.=p»i3-{2y(r-l)  +  ^'}p  +  (r-lV  +  ^', 
Q,=p*a  -  (2/3r -f  a> -h  yr(r- 1 )  + /3'r -f  a", 

S,=a(r+l)(r+2). 

There  will  be  (ji-i-2)  horizontal  and  (»+ 1)  vertical  rows,  where  n  is  the 
index  of  the  highest  power  of  x  in  the  denominator  of  ^. 
When  ^  and  j3  are  not  zero  but  7=0,  and  we  put 

then 

Pr=|3/i»-f2a/iK-^'/i-(r|3  +  a'),.  +  i3", 

Q^=<i^'-(2^r-fa')/i-(2r+l)aK+a"4-r/3', 

Rr=(r4-l)(/3r-2a/iH-a')» 
S,=a(r+l)(r+2). 

When  a  is  not  tero,  but  ^=y=0,  and  we  put 

ay  a  a 

P,.  =a/iK— aV— a(r-|-  l)p-|-|3", 
Or = a/i'*  —  a '/I  —  va  (r -I- 1 ) -f  a", 

Sr=a(r+l)(r-f2). 
Similar  methods  will  apply  to  the  linear  differential  equation 

+(a"'+^"'*+y"V)a=0, 

and  the  process  admits  of  a  very  remarkable  simplification.  All  linear 
differential  equations  of  the  second  and  third  orders  may  be  treated  in  the 
same  way,  and,  I  believe,  all  linear  differential  equations  of  every  degree*. 

V.  "Spectroscopic  Observations  of  the  Solar  Prominences,  being  Ex- 
tracts from  a  Letter  addressed  to  Sir  J.  F.  W.  Herschel,  Bart., 
F.R.S.,  by  Captain  Herschel,  R.E.,  dated  'Bangalore,  June 
12th  and  15th,  1869/ ''  Communicated  by  Sir  J.  Herschel. 
Received  July  19, 1869.     (See  p.  62.) 

*  This  inyeetigation  assumes  that  a+Px+yx^  and  the  denominator  of  0  have  no 
common  finctor.— W.  H.  L.  B.,  Jan.  13,  1869. 
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December  16,  1869. 

Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

Mr.  Charles  Chambers  was  admitted  into  the  Society. 

Pursuant  to  notice  given  at  the  last  Meeting,  General  Sir  Andrew 
Waugh  proposed,  and  General  Boileau  seconded  the  Right  Honoorable 
Lord  Napier  of  Magdala  for  election  and  immediate  ballot. 

The  ballot  having  been  taken,  Lord  Napier  was  declared  duly  elected. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows  : — 

Transactions. 

Bordeaux: — Society  Medico-Chinirgicalo    des  Hopitauz  et  Hospices. 
Mcmoires  et  Bulletins.     Tome  III.  fesc.  2.  8vo.  Bordeaux  1868. 

The  Society. 
Calcutta : — Asiatic  Society  of  Bengal.     Journal,  1869.    Part  2.    No.  2. 
rroceedings,  1869.  Nos.  2, 3,  5,  8.  8vo.  Calcutta  1869. 

The  Society. 
Cambridge  : — Philosophical  Society.  Proceedings.  Nos.  1-2.  8vo.  Cam- 
bridge 1866.  The  Society. 
Innsbruck : — Ferdinandeum  fiir  Tirol  und  Vorarlberg.  Zeitschrift.  Dritte 
Folge.  Heft  14.  8vo.  Innsbruck  1869.                     The  Institution. 
Jena : — Medicinisch-Naturwisscnschaftliche    Gesellschafb.       Jenaische 
Zeitschrift  fur  Medicin  und  Naturwissenschaft.  Band  V.  Heft  1-2. 
8vo.  Leipzig  1869.  The  Society. 
Leipzig : — Rcsultate  aus  den  Metcorologischen  Bcobachtungen  angestellt 
an  den  fiinfundwanzig  Konigl.  Siichsischen   Stationen   im  Jahre 
1867  . .  .  von  C.  Bruhns.  Jahrgang  IV.  4to.  Leipzig  1869. 

The  Observatory. 
London : — Mathematical   Society.       Proceedings.    Nos.   16-19.     8vo. 
London  1868-69.  The  Society. 

Royal  Institution  of  Great  Britain.  Proceedings.  Vol.  V.  Part  6. 
No.  50.  List  of  the  Members,  with  the  Eeport  of  the  Visitors. 
8vo.  London  1869.  The  Institution. 

Royal  Geographical  Society.  Proceedings.  Vol.  XIII.  No.  5.  Svo. 
London  1869.  The  Society. 

Modena : — Society  dei  Xaturalisti.  Annuaiio.  Anno  4.  8vo.  Modena 
1869.  The  Society. 

Prag  : — K.  K.  Stcrnwarte.  Magnctische  und  Meteorologischo  Bcobach- 
tungen... im  Jaliro  1868  von  K.  Homst^^in  und  A.  Murmann. 
Jahrgang  29.  4to.  Prag  1869.  The  Observatory. 

Vienna : — K.  K.  Central- Anstalt  fiir  Meteorologie  und  Erdmagnetismus. 
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Transactioiis  {continued). 

Jahrbiicher  von  C.  Jelinek  und  C.  Fritsch.    Neue  Folge.    Band  III. 

Jahrgang  1866.  4to.   Wien  1868.  The  Institution. 

K.  K.  Geographisclie   Gtesellschaft.      Mittheilungen.    Jahrgang  10. 

Neue  Folge.     Baud  II.  8vo.   Wien  1868-69.  The  Society. 


Baratta  (G.)    Studio  Geometrico  sulla  Yariazione  e  paragone  degli  Angoli 

fondato  su  nuovi  teoremi  e  problemi  che  ne  derivano.     8vo.  Napoli 

1869.  The  Author. 

Battye  (R.  F.)  Upon  certain  important  Matters  in  relation  to  the  Areas 
of  Circles  and  Squares,  a  Geometrical  Brochure.   8vo.    London  1869. 

The  Author. 

Dircks  (H.)    The  Policy  of  a  Patent  Law.  8vo.  London  1869. 

The  Author. 

Dove  (H.  W.,  For.  Mem.  R.  S.)  Nieht  periodische  Veranderungen  der 
Yerbreitung  der  Warme  auf  der  Erdoberflache.  8vo.  Berlin  1869. 

The  Author. 

Favre  (E.)  Description  des  Mollusques  Fpssiles  de  la  Craie  de  Lemberg 
en  Galicie.  4to.  Gentve  1869.  The  Author. 

Francesco  (B.)  Catalogo  dei  Fossili  Miocenici  e  Pliocenici  del  Modenese. 
8vo.  Modena  1869.  UUomo  fatto  ad  imagine  di  Dio  fu  anche  fatto 
ad  imagine  della  Scimia.  8vo.   CJcr^Ziarf  1869.  The  Author. 

Giinther  (R.)  Die  Indische  Cholera  im  Regierungsbezirke  Zwickau  im 
Jahre  1866.  4to.  Leipzig  1869.  The  Author. 

Hnguet  (H.  A.  B.)  Expose  de  Medecine  Homceodynamique  basee  sur  la 
loi  de  similitude  fonctionnelle  et  appliqu^e  au  traitement  des  Affections 
aigues  et  Chroniques.  12mo.  Paris  1869.  The  Author. 

Lawes  (J.  B.,  F.R.S.)  and  Gilbert  (J.  H.,  F.R.S.)  On  the  Home  Produce, 
Imports,  and  Consumption  of  Wheat.  8vo.  London  1868. 

The  Authors. 

Linder  (M.)  Note  sur  les  Yariations  Seculaires  du  Msignetisme  Terrestre. 
8vo.  Bordeaux  1869.  The  Author. 

Miihry  (A.)  Ueber  die  Lehre  von  den  Meeresstromungen.  8vo.  0'6t- 
tingen  1869.  Untersuchungen  liber  die  Theorie  und  das  allgemeine 
geographische  System  der  Winde.  8vo.  Qottingen  1869.  The  Author. 

Pictet  (F.  J.)  Memoire  sur  les  Animaux  Yertebrds  trouves  dans  le  Ter- 
rain Siderolithique  du  Canton  de  Yaud ;  Supplement.  4to.  Geneve 
1869.  The  Author. 

Beade  (Rev.  J.  B.,  F.R.S.)  The  Diatom  Prism  and  the  true  form  of  Diatom 
Markings,  and  the  Microscope  Prism  and  the  Structure  of  the  Podura 
Scale.  8vo.  London  1869.  The  Author. 

Sylvester  (J.  J.,  F.R.S.)  Outline  Trace  of  the  Theory  of  Reducible  Cy- 
dodes.  8vo.  London  1869.  The  Author. 

Williamson  (A.  W.,  F.R.S.)     On  the  Atomic  Theory.  8vo.  London  1869. 

The  Author. 
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Da  Mouvement  Politique  en  France  depnis  1789  jnsqu'^  no6  joars.     8to. 

Toulon  1869.  The  Author. 

The  Mortality  Experience  of  Life  Assurance  Companies,  collected  by  the 

Institute  of  Actuaries.  8vo.  London  1869.  The  Institate. 

The  New  System  of  Astronomy ;  or,  is  the  Earth  a  Fixed  Star  or  Planet  ? 

8vo.  London  1869.  The  Author. 

The  True  Theory  of  the  Earth,  and  Philosophy  of  the  Predicted  End.    Svo. 

Edinburgh  1869.  The  Author. 

The  following  communications  were  read : — 

I.  ''  Researches  into  the  Constitution  of  the  Opium  Bases. — Part  IIL 

On  the  Action  of  Hydrochloric  Acid  on  Codeia.''  By  Augustus 
Matthiessen,  F.R.S.,  Lecturer  on  Chemistry  in  St.  Bartho- 
lomew's Hospital^  and  C.  R.  A.  Wright^  B.Sc.  Received  July 
23,  1869.     (See  p.  83.) 

II.  "  On  the  Thermodynamic  Theory  of  Waves  of  Finite  Longitudinal 

Disturbance :"  and  Supplement.  By  W.  J.  Macquobn  Rankinb, 
C.E.,  LL.D.,P.R.SS.  Lond.  &  Edinb.  Received  August  13, 1869. 
(See  p.  80.) 

III.  "On  Abstract  Geometry .''     By  Professor  Cayley.     Received 

October  14,  1869. 

(Abstract.) 

I  submit  to  the  Society  the  present  exposition  of  some  of  the  elementary 
principles  of  an  Abstract  m-dimensional  geometry.  The  science  presents 
itself  in  two  ways, — as  a  legitimate  extension  of  the  ordinary  two-  and  three- 
dimensional  geometries  ;  and  as  a  need  in  these  geometries  and  in  analysis 
generally.  In  fact  whenever  we  are  concerned  with  quantities  connected 
together  in  any  manner,  and  which  are,  or  are  considered  as  variable  or 
determinable,  then  the  nature  of  the  relation  between  the  quantities  is  fre- 
quently rendered  more  intelligible  by  regarding  tbem  (if  only  two  or  three 
in  number)  as  the  coordinates  of  a  point  in  a  plane  or  in  space ;  for  more 
than  three  quantities  there  is,  from  the  greater  complexity  of  the  case,  the 
greater  need  of  such  a  representation ;  but  this  can  o'nly  be  obtained  bj 
means  of  the  notion  of  a  space  of  the  proper  dimensionality ;  and  to  use 
such  representation,  we  require  the  geometry  of  such  space.  An  impor- 
tant instance  in  plane  geometry  has  actually  presented  itself  in  the  ques- 
tion of  the  determination  of  the  curves  which  satisfy  given  conditions  :  the 
conditions  imply  relations  between  the  coefficients  in  the  equation  of  the 
curve ;  and  for  the  better  understanding  of  these  relations  it  was  expedient 
to  consider  the  coefhcients  as  the  coordinates  of  a  point  in  a  space  of  the 
proper  dimensionality. 

A  fundamental  notion  in  the  general  theory  presents  itself,  slightly  in 
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plane  geometrj,  but  already  very  prominently  in  solid  geometry  ;  viz.  we 
have  here  the  difficulty  as  to  the  form  of  the  equations  of  a  curre  in  space, 
or  (to  speak  more  accurately)  as  to  the  expression  by  means  of  equations 
of  the  twofold  relation  between  the  coordinates  of  a  point  of  such  curve. 
The  notion  in  question  is  that  of  a  A:- fold  relation, — as  distinguished  from 
any  system  of  equations  (or  onefold  relations)  serving  for  the  expression  of 
it, — and  giving  rise  to  the  problem  how  to  express  such  relation  by  means 
of  a  system  of  equations  (or  onefold  relations) .  Applying  to  the  case  of  solid 
geometry  my  conclusion  in  the  general  theory,  it  may  be  mentioned  that  I 
regard  the  twofold  relation  of  a  curve  in  space  as  being  completely  and  pre- 
cbely  expressed  by  means  of  a  system  of  equations  (P=0,  Q=0,  . .  T=0), 
when  no  one  of  the  func  ions  P^  Q,  . . .  T,  as  a  linear  function,  with 
constant  or  variable  integral  coefficients,  of  the  others  of  them,  and 
when  every  turface  whatever  which  passes  through  the  curve  has  its 
equation  expressible  in  the  form  U=AP-|-BQ  ...  H-KT,  with  constant 
or  variable  integral  coefficients,  A,  B  . . .  K.  It  is  hardly  necessary  to 
remark  that  all  the  functions  and  coefficients  are  taken  to  be  rational  func- 
tions of  the  coordinates,  and  that  the  word  integral  has  reference  to  the 
coordinates. 

IV.  ''On  the  Action  of  Bromine  upon  Ethylbenzol.''  By  T.  E. 
Thorpe,  Ph.D.  Communicated  by  H.  E.  Roscoe,  Ph.D. 
Received  November  11,  1869. 

In  the  course  of  an  investigation  upon  ethylbenzoic  acid  which  Prof. 
Kekul^  and  I  recently  published  in  conjunction,  we  had  occasion  to  pre- 
pare a  quantity  of  monobromethylbenzol,  C^  H^  Br  {  Cj,  H^.  Our  object  in  this 
research  was  to  prove  experimentally  the  identity  of  the  ethylbenzoic  acid 
made  synthetically  by  acting  upon  the  monobromethylbenzol  by  means  of 
carbonic  anhydride  and  sodium, 

C.H,Br{C,H.+Na,+CO,=C.H.-[g5\o+BrNa, 

with  the  add  subsequently  obtained  by  Fittig  by  oxidizing  diethylbenzol, 

C^  H^  \  p^  XT*,  by  means  of  nitric  acid. 

In  the  preparation  of  the  bromide  for  the  purposes  of  our  experiments, 
we  followed  the  direction  given  by  Fittig  and  Ronig,  by  whom  this  sub- 
stance was  first  described.  Bromine  was  added  drop  by  drop  to  well-cooled 
ethylbenzol  in  the  proportion  of  1  mol.  bromine  to  1  raol.  ethylbenzol,  and 
the  mixture  was  allowed  to  stand  one  or  two  days  before  distillation.  The 
action  of  bromine  upon  ethylbenzol  is  extremely  energetic,  each  drop  of 
the  bromine  disappears  almost  immediately  on  coming  in  contact  with  the 
hydrocarbon,  the  mixture,  unless  carefully  cooled,  becomes  very  hot,  and 
large  quantities  of  hydrobromic  acid  are  evolved.  It  is  easy  to  perceive 
when  the  proper  point  in  the  substitution  is  reached,  since  after  the  addi- 
tion of  the  theoretical  quantity  of  bromine  in  order  to  form  C^  H^  Br{Cj  H„ 
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the  succeeding  drops  of  bromine  disappear  with  fiur  lev  rapiditj,  a  fact 
which  endentlv  indicates  that  the  sabstitation  of  the  first  atom  of  bromins 
is  more  easily  effected  than  that  of  the  second.  After  standing  for  aboat 
forty-eight  hours,  the  liquid  was  shaken  with  a  dilate  solution  of  caustic 
soda,  and  then  repeatedly  washed  with  water,  dried  OTer  caldam  chloride^ 
and  submitted  to  fractional  distillation. 

The  liquid  commenced  to  boil  at  about  145°,  and  a  comparatiTelj  large 
quantity  passed  oyer  between  150^  and  160° ;  a  still  larger  fractioii  distilled 
over  between  1 70°  and  180^;  but  the  greater  portion  came  oyer  between  180° 
and  190^  after  which  the  temperature  rapidly  rose,  and  the  residue  in  the 
flask  became  nearly  solid,  owing  to  the  formation  of  a  mixture  of  metastyrol 
and  styrolbromide.  Throughout  the  process  of  distillation  large  quantities 
of  bydrobromic  acid  were  eyolyed,  and  the  portion  boiling  between  150° 
and  160°  was  found  by  the  characteristic  bromine  reaction  to  consist  mainly 
ofstyrol, 

C,H,Br=G,H,+HBr. 

An  analysis  of  the  portion  boiling  between  180°- 190°  showed  it  to  contain 
yery  nearly  the  theoretical  amount  of  bromine  calculated  for 

C,  H,  Br. 

0*9742  grm.  substance  gaye  0*9510  grm.  silver  bromide,  and  0*0082 
grm.  silver 

Found.  Calculated. 

Bromine 42-1  %.  43-2  7a- 

Tbis  compound  is  very  unstable ;  on  renewed  distillation  it  invariably 
commences  to  boil  at  about  140°,  and  unless  the  distillation  is  yery  rapidly 
conducted,  a  large  proportion  is  transformed  into  styrol  and  bydrobromic 
acid.  So  easily  is  this  decomposition  effected,  that  on  exposing  4  or  5 
grms.  of  the  liquid  in  a  sealed  tube  to  a  temperature  of  about  200°  for  a 
few  minutes,  it  is  almost  entirely  converted  into  metastyrol,  and  on  open- 
ing the  tube  torrents  of  bydrobromic  acid  are  evolved.  The  formation  of 
styrol  may,  however,  be  almost  entirely  avoided  by  conducting  the  distil- 
lation in  a  partial  vacuum ;  and  for  this  purpose  the  water-pump  of  Bunsen 
may  be  very  conveniently  applied.  The  accompanying  figure  shows  the 
disposition  of  the  apparatus  emplqyed  for  this  purpose ;  as  it  may  here- 
after be  found  useful  in  operations  of  a  like  nature,  the  following  descrip- 
tion of  its  arrangement  may  not  be  superfluous : — ^The  apparatus  may 
easily  be  adapted  to  the  process  of  fractional  distillation  tn  vacuo ;  bj  a 
slight  modification  it  is  possible  to  change  the  receiver  without  disturbing 
the  partial  vacuum  in  the  remaining  parts  of  the  apparatus. 

A  represents  the  flask  from  which  the  liquid  is  distilled ;  it  is  fitted 
with  a  good  cork  pierced  with  two  holes,  into  one  of  which  fits  a  thermo- 
meter, and  into  the  other  a  piece  of  thermometer  tubing  (B),  one  end  of 
which  nearly  reaches  to  the  bottom  of  the  flask,  and  is  drawn  out  into  a 
fine  capillary  tube  ;  to  the  other  end  a  screw-clamp  is  fixed  by  means  of  a 
short  piece  of  caoutchouc  tubing.     The  object  of  this  capillary  tube  is  to 
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deliver  a  minate  stream  of  air-bubbles,  and  thus  to  prevent  the  violent 
"  bumping "  which  almost  invariably  occurs  duriug  ebullition  in  vacuo ; 
the  supply  of  air  may  be  regulated  at  will  by  increasing  or  diminishing  the 


pressure  of  the  screw-clamp  on  the  caoutchouc  tubing.  This  little  device 
succeeds  admirably  ;  it  is  due  to  my  friend  Mr.  W.  Dittmar,  who  has 
already  applied  it  in  the  distillation  of  sulphuric  acid :  so  rapidly  and  effec- 
tually does  the  *' water-pump  "  of  Bunsen  exhaust,  that  the  minute  amount 
of  air  passing  through  the  liquid,  and  serving  to  maintain  it  in  regular 
ebullition,  is  without  appreciable  effect  upon  the  manometer.  The  flask 
is  attached,  as  represented  in  the  figure,  to  a  long  tube  C,  made  preferably 
of  thin  glass,  so  as  to  allow  the  condensation  and  cooling  to  take  place  as 
rapidly  as  possible  :  over  the  end  of  the  condennser  slides  a  short  length 
of  wider  glass  tubing,  which  is  fastened  air-tight  on  to  the  condenser  by 
an  inch  or  two  of  caoutchouc  tubing  ;  the  other  end  fits  into  a  caoutchouc 
cork  adapted  to  the  receivers  ;  on  this  short  piece  of  wider  tubing  another 
piece  of  glass  tubing  is  fixed  at  right  angles,  in  order  to  connect  the  entire 
apparatus  with  the  caoutchouc  tubing  leading  to  the  '*  water-pump.*'  The 
mode  of  using  the  apparatus  hardly  requires  description ;  it  will  be  self- 
evident  to  anyone  familiar  to  the  working  of  the  Bunsen  pump. 

Distilled  in  a  partial  vacuum  (about  0*5  m.)  in  the  apparatus  above  de- 
scribed, the  bromide  boiled  nearly  constantly  at  148°-152°,  and  left  scarcely 
any  residue  of  styrolbromide  or  metastyrol.  The  bromide  thus  obtained 
is  a  heavy  colourless  liquid,  possessing  the  characteristic  penetrating  odour 
peculiar  to  all  the  aromatic  substitution  products  in  which  the  substitution 
has  occurred  in  the  lateral  group  ;  its  vapour  is  extremely  irritating,  and 
excites  a  copious  flow  of  tears  when  incautiously  inhaled.  When  heated 
with  solution  of  ammonia  or  potash  in  alcohol,  it  gives  up  its  bromine  with 
the  greatest  facility. 

The  monobromethylbenzol,  C^H^BrjC^Hj,  described  by  Fittig,  is  a 
colourless  aromatic-smelling  liquid,  possessing  the  sp.  gr.  1*34,  boiling 
constantly  at  199^  C,  and  capable  of  being  distilled  without  decomposition. 
It  may  be  boiled  or  heated  in  sealed  tubes  for  any  length  of  time  with  al- 
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coholic  solution  of  potash  or  ammonia  without  giving  up  the  least  trace  of 
hroraine.  It  is  evident,  therefore,  that  the  two  bromides,  although  pre- 
pared  under  circumstances  apparently  exactly  similar,  are  not  identical.  In 
all  probability  the  bromide  we  obtained  is  identical  with  that  recently  pre- 
pared by  Berthelot  by  acting  upon  boiling  ethylbenzol  with  the  vapour  of 
bromine.  To  this  compound  the  formula  C,Hj{Cj,H^Br  is  assigned;  it 
cannot  be  distilled  without  a  considerable  portion  undergoing  decompositioii 
into  styrol  and  hydrobromic  acid,  and  loses  easily  its  bromine  by  double 
decomposition. 

It  remained  now  to  discover  the  cause  of  the  variation  in  the  position  of 
the  bromine  atom.  In  the  preparation  of  the  two  products  the  conditions 
were  apparently  identical;  why,  then,  should  the  substitution  have  occurred 
in  the  phenyl  group  in  the  bromide  obtained  by  Fittig,  and  in  the  ethyl 
group  in  our  ovin  ?  The  cause  of  the  difference  was  soon  found  to  reside 
in  the  bromine  employed.  The  bromine  used  by  Fittig  doubtless  contained 
iodine.  By  digesting  a  few  grains  of  the  bromine  employed  in  our  expe- 
riments with  water  and  granulated  zinc,  and,  on  the  complete  disappear- 
ance of  all  colour,  filtering  the  solution,  adding  a  small  quantity  of  chlorine- 
water,  and  then  shaking  the  mixture  with  a  few  drops  of  benzol,  the  absence 
of  even  a  trace  of  iodine  was  shown  by  the  benzol  remaining  perfectly 
colourless.  By  adding  about  0*5  ^/g  iodine  to  the  bromine  before  allowing 
it  to  act  upon  the  ethylbenzol,  I  easily  succeeded  in  obtaining  monobrom- 
ethylbenzol  with  the  properties  described  by  Fittig.  It  distilled  constantly 
without  decomposition  at  203*^  C,  and  completely  resisted  the  action  of 
boiling  alcoholic  potash.  A  similar  series  of  comparative  experiments  on 
cymol  obtained  from  camphor  was  attended  with  like  results.  We  have 
thus  a  ready  method  of  effecting  at  will  the  kind  of  substitution  required 
without  the  employment  of  heat,  the  presence  or  absence  of  iodine  deter- 
mines the  position  of  the  substituting  bromine ;  in  the  one  case  substitution 
occurs  in  the  phenyl  group,  in  the  other  in  the  lateral  group.  The  bro- 
mine obtained  by  Berthelot  is  described  as  boiling  between  200°  and  210**, 
whilst  the  bromide  which  I  obtained  distilled  at  190^.  I  am  disposed, 
however,  to  consider  the  higher  number  to  be  a  nearer  approximation  to 
the  truth.  The  difference  observed  in  my  case  is  probably  due  to  the  fact 
that  in  distilling  the  substance  I  operated  on  a  larger  scale  than  did  Ber- 
thelot, and  kept  the  liquid  exposed  to  the  influence  of  the  high  temperature 
for  a  comparatively  longer  time,  thus  working  under  conditions  more 
favourable  to  the  production  of  styrol  and  hydrobromic  acid,  the  formation 
of  which  would  necessarily  tend  to  lower  the  boiling-point. 

Nearly  seven  years  ago  Dr.  Hugo  Muller  drew  attention  to  the  remark- 
able effect  of  iodine  in  facilitating  the  action  of  chlorine  upon  organic 
compounds.  He  showed  that  many  substances  which  were  acted  upon 
with  great  difficulty  by  chlorine  alone,  and  some  of  them  only  with  the  aid 
of  direct  sunlight,  yield  chlorine  products  with  great  ease  when  acted  upon 
by  chlorine  in  the  presence  of  iodine.     He  failed,  however,  to  point  out 
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any  differeace  in  the  Jdnd  of  substitution  effected  bj  the  halogen  in  the 
presence  or  absence  of  iodine. 

Beilstein  also  has  recently  shown  tha;  the  action  upon  toluol  varies  ma- 
terially with  the  conditions  under  which  the  experiment  is  performed. 
When  a  stream  of  chlorine  is  passed  through  carefully  cooled  toluol,  chlor- 
toluol,  C, H^C1{CH3,  only  is  formed;  this  body  is  characterized  by  a 
high  degree  of  stability,  resisting  completely  the  action  of  potassium  cyan- 
ide, potassium  sulphide,  and  silver-salts.  On  the  other  hand,  if  the  toluol  is 
previously  heated,  or  if,  through  the  energy  of  the  action,  its  temperature  be 
allowed  to  rise,  the  relative  position  of  the  substituting  chlorine  atom  is  essen- 
tially changed,  and  under  these  circumstances  chlorbeuzyl,  CgH^ICH^Cl, 
is  found  to  be  the  main  product  of  the  reaction :  this  substance  differs 
from  the  isomeric  chlortoluol  by  the  facility  with  which  it  yields  up  its 
chlorine  by  double  decomposition.  But  if  a  small  quantity  of  iodine  be 
added  to  the  hydrocarbon  before  treatment  with  chlorine,  chlortoluol  only 
is  produced,  no  matter  whether  the  chlorine  acts  upon  boiling  or  upon  cold 
toluol. 

To  the  bromide  obtained  by  the  action  of  bromine  free  from  iodine  on 
cold  ethylbenzol  I  assign  the  formula  C^HglCj^H^Br,  on  the  assumption 
that  it  is  identical  with  that  prepared  by  Bert  helot.  From  the  ease  with 
which  the  compound  yielded  its  bromine  to  alcoholic  ammonia,  I  was  in- 
duced to  attempt  the  preparation  of  the  corresponding  amines.  A  quantity 
of  the  bromide  was  sealed  up  in  wide  glass  tubes  with  about  four  times  its 
volume  of  absolute  alcohol  saturated  with  ammoniacal  gas,  and  the  mix- 
ture exposed  to  a  temperature  of  100°  C.  for  about  three  hours.  When 
all  action  had  apparently  ended,  the  tubes  were  reopened  and  the  liquid 
portion  drained  from  the  bulky  precipitate  of  ammonium  bromide.  On 
treating  the  hquid  with  water,  a  light  mobile  agreeablys  melling  liquid 
separated  out ;  this  was  washed,  dried  by  means  of  calcium  chloride,  and 
distilled;  by  far  the  greater  portion  boiled  at  185°-187*^  C.  This  liquid 
was  found  to  be  free  from  nitrogen  and  bromine,  and  yielded  on  analysis 
the  following  numbers : — 

I.  0*1552  grm.  substance  gave  0'4540  grm.  carbonic  anhydride  and 
0-1333  grm.  water. 

II.  0*2011  grm.  substance  gave  0*5896  grm.  carbonic  anhydride  and 
0-1078  grm.  water. 

Calculated.  Foand. 


^ V. 
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The  constitution  of  this  compound  may  be  expressed  by  the  formula 

C,H,{C,H,-0-C,H., 


i 
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and  its  formation  from  the  bromide  by  the  action  of  ammoniam  alooholate 
may  be  thus  represented  : — 

C.  H.{C,  H, Br+^>  J» }  0=C.  H,{C,  H,-0-C, H.+NH,  Br. 

For  this  substance  I  propose  the  name  styrolylethyl  ether.  It  is  a  co- 
lourless, mobile,  fragrant-smelling  liquid,  boiling  constantly  at  187^  of 
specific  gravity  0*9310  at  21°'9,  slightly  soluble  in  water,  and  burning 
with  a  strongly  luminous  flame. 

When  heated  for  a  few  hours  with  a  concentrated  solution  of  hydriodic 
acid  in  a  sealed  tube  to  about  1 20%  it  was  completely  decomposed,  and  on 
distilling  the  liquid  from  a  water-bath,  a  quantity  of  ethyl  iodide,  boiling  at 
73°-75°,  and  easily  recognizable  by  its  characteristic  alliaceous  odour, 
distilled  over ;  the  presence  of  the  alcohol  rest  in  the  new  ether  was  thus 
demonstrated.  The  remainder  of  the  liquid,  containing  the  greater  portion 
of  the  hydriodic  acid  and  possibly  the  alcohol  or  its  corresponding  iodide, 
was  treated  with  dilute  caustic  soda,  when  a  heavy  oily  liquid  separated  out. 
This  liquid  was  repeatedly  washed  with  water  and  dried  over  calcium 
chloride.  On  distilling  it,  the  greater  portion  of  the  liquid  boiled  between 
300°  and  310°,  but  with  evident  decomposition,  iodine  being  evolved.  The 
compound  in  all  probability  was  the  iodide  corresponding  to  the  bromide 
originally  taken,  already  described  by  Berthelot. 

C,H.{C,H.-0-C,H.+2HI=C,H.{C,HJ+C,H.I+H,0.     ' 
The  very  small  quantity  of  substance  at  my  disposal  prevented  me  from 
more  accurately  investigating  the  nature  of  this  reaction,  or  the  properties 
of  the  iodine  compound  formed. 

1  next  sought  to  obtain  the  alcohol,  C^  Hj^jC^Hj  O,  already  described 
by  Berthelot  as  a  colourless  liquid  of  an  agreeable  aromatic  odour,  heavier 
than  water,  and  boiling  at  about  225°.  I  attempted  to  prepare  the  acetate, 
intending  to  decompose  the  compound  with  caustic  potash.  Fifty  grms. 
of  the  bromide  diluted  with  double  its  volume  of  absolute  alcohol  were 
heated  with  about  40  grms.  potassium  acetate  to  100°  in  a  flask  placed  in 
a  water-bath.  The  liquid  was  then  Altered  from  the  mass  of  potassium 
bromide,  and  again  sealed  up  in  tubes  with  a  further  addition  of  acetate, 
and  heated  to  120°-130°  for  an  hour  or  two.  On  cooling,  the  tubes  were 
reopened  and  the  contents  treated  with  water,  and  the  non-miscible  portion 
separated  and  dried  over  calcium  chloride.  On  standing  over  the  calcium 
chloride,  a  crystalline  precipitate  was  slowly  formed,  which  was  afterwards 
proved  to  be  the  compound  of  ethyl  acetate  and  calcium  chloride.  On 
submitting  the  dehydrated  liquid  to  distillation,  a  further  quantity  of  ethyl 
acetate  came  over  at  72°--74°.  The  next  fraction,  boiling  between 
140°  and  150°,  was  found  to  consist  chiefly  of  sty rol ;  the  quantity,  however, 
was  so  small  that  in  all  probability  it  was  not  a  product  of  the  reaction, 
but  existed  already  formed  in  the  bromide  used  for  the  experiment.  ITie 
next  and  main  fraction  of  the  distillate  came  over  between  180°  and  190°,  and 
on  repeated  rectification  a  constant  boiling-point  of  185°-1 86°  was  obtained. 
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This  Bubstance,  from  its  characteristic  aromatic  odour  and  from  the 
following  analyses,  was  identified  as  the  stjrolyl-ether  already  described. 

0'2523  grm.  substance  gave  0*7358  grm.  carbonic  anhydride  and  0*21 19 
water. 

0*1993  grm.  substance  gave  0*5829  grm.  carbonic  anhydride  and  0*1666 
grm.  water. 

Calcnlated.  Found. 


^ ^. 


I.  II. 

C,o 120  80*00  79*54  79*75 

Hi4 14  9*36  9*33  9*30 

0 16  

The  simultaneous  production  of  this  body  and  of  the  ethyl  acetate  may 
be  thus  represented  : — 

C.H.{C,H,Br+^»^»^}0  +  2(^-j^»|0 

=CeH,{C,H,-0-C,H,-h^^^^^}o+KBr-hH,0. 

The  remainder  of  the  distillate  consisted  principally  of  the  acetic  ether, 
C,  HjICj  H^— O — Ca  H,  O.  This  body  is  a  sweet-smelling  liquid,  possess- 
ing the  characteristic  fragrant  odour  of  the  acetic  ethers  and  boiling  at 
217^-220°.  The  quantity  produced,  however,  was  so  small  as  to  preclude 
further  investigation,  or  any  attempt  to  prepare  the  alcohol. 

Fittig  has  recently  obtained  phenylpropionic  acid  (hydrocinnamic  acid), 
C,  H.{CH,— CH,— COHO,  by  acting  upon  chlorinated  ethylbenzol  by 
means  of  potassium  cyanide  and  treating  the  resultant  cyanide  with  potash. 

C,H.{CH,-CH,CN+2H,0=C,H,{CH,-CH,-COHO+NH3. 

I  have  attempted  to  repeat  this  reaction  with  the  bromide  obtained  by 
treating  ethylbenzol  with  bromine  free  from  iodine,  but  without  success, 
although  the  experiment  has  been  frequently  made  under  the  exact  con- 
ditions described  by  Fittig.  So  easily,  according  to  Fittig,  is  the  transfor- 
mation effected,  that  this  chemist  has  recommended  the  reaction  as  afford- 
ing the  best  method  of  obtaining  phenylpropionic  acid.  I  am  unable  to 
discover  any  reason  for  the  discrepancy  in  the  results  of  our  observations. 
It  is  certainly  very  remarkable  that  the  reaction  should  occur  in  the  case 
of  the  chloride  and  not  in  that  of  the  bromide. 

The  experiments  which  led  to  the  discovery  of  the  above  method  of 
effecting  the  substitution  of  hydrogen  in  the  phenyl  or  in  the  lateral  group 
at  will  had  for  their  object  the  preparation  by  synthesis  of  ethylbenzoic  acid 
from  the  bromide,  CgH^BrlC^Hj.  It  therefore  became  interesting  to 
trace  the  reaction  which  occurs  on  submitting  the  new  bromide  to  a  similar 
treatment.  A  small  quantity  (about  7  grms.)  of  the  bromide  was  mixed 
with  about  five  times  its  volume  of  anhydrous  ether,  and  a  large  excess  of 
sodium  cut  into  slices  as  thin  as  possible  added,  and  a  slow  continuous 
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current  of  carbonic  anhydride  sent  through  the  mixture.  Not  the  dightest 
reaction  was  perceptible  in  the  cold.  The  sodium  remained  perfectly  me- 
tallic-looking, even  after  the  expiration  of  twenty-four  hours.  On  gently 
heating  the  liquid  for  a  few  minutes,  a  vigorous  reaction  at  once  set  in  ; 
the  mass  became  suddenly  very  hot,  and  gave  off  abundant  fumes  of  hy- 
drobromic  acid  and  a  small  quantity  of  a  thick  oily  liquid  boiling  at  a  high 
temperature,  and  possessing  the  character  of  the  distyrolylj 

described  by  Berthelot  was  produced, 

2C,H,{C,H,Br+Na,=    |      \  +2BrNa. 

C.H.  IC.H. 

The  Society  then  adjourned  over  the  Christmas  Recess  to  lliiinday, 
January  6th,  1870. 

January  6,  1870. 

Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

Tho  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows : — 

Transactions. 

Birmingham  : — Institution  of  Mechanical  Engineers.  Proceedings,  1868, 
28,  29  July.  Leeds  Meeting,  Part  3,  Nov.  6 ;  1869,  April  29.  8vo. 
Birmingham,  The  Institution. 

Cadiz  : — Observatorio  de  Marina  do  la  Ciudad  de  San  Fernando.  Alma- 
naque  Nautico  para  1871.  8vo.  Cadiz,  1869.        The  Observatory, 

Cherbourg : — Societc  Imperiale  des  Sciences  Naturelles.  M^moires. 
Tome  XIII.  8vo.  Paris  1868.  The  Society. 

Coimbra  : — Observatorio  da  Universidade.  Ephemeris  Astronomicas 
para  o  anno  de  1871.  8vo.   Coimbra  1869.  The  Observatory. 

Danzig : — Naturforschendo  Gesellschaft.  Schriften,  neue  Folge.  Rand  II. 
Heft  II.   8vo.   Danzig  1S69,    Two  copies  (one  with  Photographs). 

The  Society. 

Habana: — Colegio  de  Belen.  Observaciones  Magneticas  y  Meteoro* 
logicas.  Aiio  Meteorologico  de  30  de  Noviembro  de  1867,  a  30  de 
Noviembro  do  1868.  8vo.  Habana  1869.  Tho  College. 

London  : — British  Museum.    Hand-List  of  Genera  and  Species  of  Birds 
by  G.  R.  Gray.  Part  I.  8vo.  London  1869.     Catalogue  of  the  Spe- 
cimens of  Z^^n/iop^^fra/S'aZto^oncr,  by  F.Walker.  Part  2.  8vo.  London 
1869.  Guides  to  the  First  and  Second  Yase  Rooms.  12mo.  London 
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Transactions  (continued), 

1869.     Guide  to  the  Printed  Books.    12mo.    London  1869.     A 
Guide  to  the  Slade  Collection  of  Prints.  12mo.  London  1869. 

The  Museum. 

The  Nautical  Almanac  and  Astronomical  Ephemeris  for  1873.     8vo. 

,      London  1869.  The  Admiralty. 

Melbourne: — WilHamstown  Observatory.     Astronomical   Observations 

made  in  the  years  1861,  1862,  and  1863,  under  the  direction  of 

R.  L.  J.  Ellery.  8vo.  Melbourne  1869.  The  Observatory. 

Moscow ; — Societe  Imperiale  des  Naturalistes.     Bulletin,  Annee  1868, 

Nos.  3,  4.  8vo.  Moscou  1869.  The  Society, 

Paris : — Observatoire  Imperial.     Atlas  Meteorologique.    Annies  1867, 

1868.  fol.  FarU  1869.     Atlas  des  Mouvements  gen^raux  do  TAt- 

mosph^re.     Ann^  1865,  Janv.-Juin  1869.  fol.  Paris  1869. 

The  Observatory, 

Societe  Meteorologique  de  France.     Nouvelles  Mcteorologiques.  1869, 

Nos.  7-12.  roy.  8vo.  Paris  1869.  The  Society, 

Pulkowa : — Observations  de  Poulkova,  publiecs  par  Otto  Struve.   Vol. 

I.,  II,  4to.  St,  Pitershourg  1869.     Jahresbericht  am  6.  Juni  1869 

dem  Comity  derNicolai-Hauptsternw arte.  8vo.  StPetershurglSQi^, 

Tabulae  Quantitatum  Bcsselianarum  pro  annis  1750  ad  1810  com- 

putatiE.  8vo.  Petropoli  1869.  The  Observatory. 

St.  Petersburg : — Observatoire   Physique  Central  de  Russie.   Annalos, 

publiees  par  H.  Wild.  4to.  JSt  Petersbourf/lS69.    The  Observatory, 


Bertin  (E.)    Etude  sur  la  Houle  et  le  RouUa.  8vo.  Cherbourg  1869. 

The  Author. 

Durdik  (J.)  Leibnitz  und  Newton.  Ein  Versuch  Uber  die  Ursachen  der 
Welt  auf  Grundlago  der  positiven  Ergebnisse  der  Philosophic  und 
der  Naturforschung.  8vo.  ff(dle  1869.  The  Author. 

Kronecker  (L.)  Ueber  Systeme  von  Functionen  mehrer  Variabeln.  8vo. 
BerUn  1869.  The  Author 

Kudelka  (J.)    Die  Gesetze  der  Lichtbrechung.  8vo.  Oreifswald. 

The  Author. 

MueUer  (F.  de,   F.R.S.)    Fragmenta  Ph>i;ographiaj  Australia.   Vol.  VI. 

8vo.  Melbourne  1867-68.  The  Author. 

Plantamour  (E.)     Resum^  Meteorologique  de  rAnn^e  1868  pour  Geneve 

et  le  Grand  St.-Bernard.  8vo.  Geneve  1869.  The  Author. 

Turbiglio  (S.)     L'Empire  de  la  Logique,  Essai  d'un  nouveau  systeme  de 

Philosophic.  12mo.  Turin  1870.  The  Author. 


L' Album  de  la  Fabrique.    Troisi^me  Annee,  1869.  fol.  Paris. 

Messrs,  L.  Berger  &  Co. 
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The  followiug  communication  was  read  : — 

"  Some  Account  of  the  Suez  Canal,  in  a  Letter  to  the  President." 
By  J.  F.  Bateman,  Esq.,  F.R.S.      Received  January  3,  1870. 

16  Great  Gteorge  Street,  Westminstor, 
27th  Decomber,  1869. 

My  dear  Sir  Edward, — On  my  return  from  the  opening  of  the  Sue* 

Canal,  where,  by  your  kind  selection,  I  had  the  honour  of  representing  the 

Royal  Society  as  the  guest  of  the  Viceroy,  I  think  it  incumbent  on  me  to 

give  a  short  account  of  my  journey  and  my  impressions  of  the  great  and 

important  undertaking  which  was  so  magnificently  inaugurated. 

Nothing  could  exceed  the  splendid  hospitality  of  the  Viceroy,  who  had 
in  every  possible  way  provided  for  the  accommodation  and  the  comfort  of 
his  guests.  The  crowd  of  visitors,  however,  was  so  great,  and  his  own 
personal  attendance  was  so  constantly  given  to  the  Empress  of  the  French, 
the  Emperor  of  Austria,  and  other  Royal  personages  who  honoured  him 
with  their  company,  that  it  was  almost  impossible  for  him  to  bestow  any 
special  attention  on  other  individual  guests ;  but  few  or  none  could  com- 
plain of  any  want  of  attention  or  of  any  material  inconvenience. 

I  was  fortunate  in  being  present  at  every  imyiortant  point  and  on  every 
important  occasion,  and  in  receiving  all  the  civilities  which  might  be  con- 
sidered due  to  the  representative  of  the  Royal  Society. 

Of  the  work  itself  I  have  no  hesitation  in  pronouncing  it  a  decided 
success — not  all  that  could  be  desired,  nor  all  that  was  promised,  and  very 
far  from  being  finished,  even  on  tbe  contracted  scale  on  which  it  has  been 
executed.  A  reef  of  rocks  at  Scrapeum,  extending  for  about  85  metres 
in  length,  at  a  depth  of  1 6  or  17  feet  below  the  surface  of  the  canal, 
and  which  was  not  discovered  till  just  before  the  period  fixed  for  the 
opening,  at  present  limits  the  draft  of  vessels  which  can  use  the  navi- 
gation. There  are  some  objectionable  curves  and  narrow  places,  and  many 
miles  of  unprotected  slopes,  all  of  which  must  be  improved  or  remedied 
before  the  canal  can  be  placed  in  a  satisfactory  condition.  Still,  in  its 
present  state,  vessels  drawing  not  more  than  1 G  feet  can  pass  from  end  to 
end  with  facility  and  safety  ;  and  when  the  rocks  alluded  to  are  removed, 
the  depth  will  be  increased  to  21  or  22  feet. 

For  years  before  the  commencement  of  the  project  which  has  been,  so 
far,  happily  concluded,  the  practicability  of  forming  and  maintaining  a 
maritime  canal  between  the  Red  Sea  and  the  Mediterranean  was  a  much- 
disputed  point  among  modern  engineers.  It  was  known  that  a  water 
communication  between  the  two  seas  had  existed  and  been  maintained  for 
600  years  before,  and  for  about  800  years  after,  the  commencement  of  the 
Christian  era ;  subsequent  to  which  time  it  was  allowed  to  fall  into  decay, 
and  for  a  thousand  years  has  so  remained. 

The  first  idea,  in  modern  times,  of  restoring  this  ancient  water  comma- 
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nication^  or  of  forming  another  more  suitable  to  existing  circumstances, 
seems  to  be  due  to  the  Emperor  Napoleon  I.  (then  General  Bonaparte), 
who,  at  the  close  of  the  last  century,  during  his  occupation  of  Egypt, 
directed  that  a  complete  survey  of  the  ancient  canal  should  be  made 
under  the  direction  of  M.  Lep^re,  a  French  engineer  of  reputation.  This 
survey  was  completed,  and  a  project  for  a  canal  was  designed  in  accordance 
with  the  apparent  facts  resulting  from  M.  Lep^re's  survey.  The  evacuation 
of  the  country  by  the  French  put  an  end  to  further  investigation,  and 
arrested  all  progress  in  this  direction  for  many  years. 

The  conclusion  at  which  M.  Lep^re  arrived  was,  that  the  level  of  the 
Ked  Sea  at  high  water  at  Suez  was  30^  feet  higher  than  low  water  in  the 
Mediterranean  in  Pelusium  Bay ;  and  his  scheme  was  projected  in  ac- 
cordance with  the  existence  of  such  a  difference  in  the  level  of  the 
two  seas.  He  also  ascertained  that  the  rise  and  fall  of  the  tide  in  the 
Red  Sea  was  5^  or  6  feet,  and  in  the  Mediterranean  about  1  foot, 
leaving  still  a  difference  of  25  feet  between  the  respective  low  waters  of 
the  two  seas. 

Doubts  of  the  accuracy  of  the  statement  as  to  the  difference  of  these 
levels  were  entertained  by  those  who  carefully  considered  the  subject; 
but  it  was  not  till  the  year  1847  that  these  doubts  were  set  at  rest. 
In  that  year  the  late  Mr.  Robert  Stephenson,  in  conjunction  with  M. 
Talabot,  a  French  engineer,  M.  de  Negrelli,  an  Austrian  engineer,  and  Li- 
nant  Bey,  a  French  engineer  in  the  Egyptian  service,  directed  a  series  of 
independent  level  lings  across  the  Isthmus,  which  determined  beyond  all 
doubt  the  important  fact  that  "  at  low  water  there  was  no  essential  dif- 
ference in  the  level  of  the  two  seas,  and  that  at  high  water  it  was  not 
more  than  4  feet,  the  rise  of  tide  being  about  1  foot  in  the  Mediter- 
ranean and  about  6  feet  in  the  Red  Sea."  Up  to  that  time  Mr.  Stephen- 
son seems  to  have  been  in  favour  of  the  proposal  to  form  a  canal  across 
the  Isthmus,  in  accordance  with  the  views  of  Liuant  Bey,  who  ''  proposed 
to  carry  a  canal  from  th€  Red  Sea  through  the  Bitter  Lakes  to  Lake 
Timsah,  and  thence  through  the  lagoons  of  Menzaleh  to  Tineh  (Pelusium) 
on  the  Mediterranean :"  it  was  "  thus  expected  to  create  a  current  through 
the  canal  of  three  or  four  miles  an  hour;"  and  "the  project  appeared  very 
feasible,  and  was  calculated  to  excite  high  hopes  of  success."  When, 
however,  it  was  ascertained  that  the  level  of  the  two  seas  was  practically 
the  same,  Mr.  Stephenson  remarked  "  it  became  evident  that  it  would 
not  be  practicable  to  keep  open  a  level  cut  or  canal  without  any  current 
between  the  two  seas,  and  the  project  was  abandoned." 

The  fact  of  there  being  no  difference  in  the  level  of  the  two  seas  led 
other  men  to  very  different  conclusions  ;  for  shortly  after  the  period  here 
referred  to,  M.  Ferdinand  Lesseps  conceived  the  idea  which  has  since  been 
so  successfully  realized.  His  project  was  to  cut  a  great  canal  on  the 
level  of  the  two  seas  by  the  nearest  and  most  practicable  route,  which  lay 
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along  the  yallej  or  depression  containing  Lake  Menzaleh,  Lake  Ballah, 
Lake  Timsah,  and  the  Bitter  Lakes.  The  character  of  this  route  was  well 
described  in  1830  by  General  (then  Captain)  Chesnej,  R.A.,  who  examined 
and  drew  up  a  report  on  the  country  between  the  Mediterranean  and  the 
Ked  Sea.  At  that  time  a  difference  of  30  feet  between  the  two  seas  was  still 
assumed,  and  all  proposals  for  canals  were  laid  out  on  that  assumption. 
Allowance  must,  of  course,  be  made  for  this  error,  in  so  far  as  it  affected 
any  particular  project  of  canal ;  but  it  would  not  affect  the  accuracy  of 
any  general  description  of  the  district  to  be  traversed.  General  Cheaney 
summed  up  his  report  by  stating,  "  as  to  the  executive  part,  there  is  but 
one  opinion :  there  are  no  serious  difficulties ;  not  a  single  mountain  in- 
tervenes, scarcely  what  deserves  to  be  called  a  hillock ;  and  in  a  country 
where  labour  can  be  had  without  limit,  and  at  a  rate  infinitely  below  that 
of  any  other  part  of  the  world,  the  expense  would  be  a  moderate  one  for 
a  single  nation,  and  scarcely  worth  dividing  among  the  great  kingdoms  of 
Europe,  who  would  all  be  benefited  by  the  measure," 

M.  Lesseps  was  well  advised  therefore  in  the  route  he  selected,  and 
(assuming  the  possibility  of  keeping  open  the  canal)  in  the  character  of 
the  project  he  proposed. 

From  1849  to  1854  he  was  occupied  in  maturing  his  project  for  a 
direct  canalization  of  the  Isthmus.  In  the  latter  year  Mahomet  Said 
Pasha  became  Viceroy  of  Egypt,  and  sent  at  once  for  M.  Lesseps  to  con- 
sider with  him  the  propriety  of  carrying  out  the  work  he  had  in  view. 
The  result  of  this  interview  was,  that  on  the  30th  of  November  in  the 
same  year  a  Commission  was  signed  at  Cairo  charging  M.  Lesseps  to  con- 
stitute and  direct  a  Company  named  "  The  Universal  Suez  Canal  Com- 
pany." In  the  following  year,  1855,  M.  Lesseps,  acting  for  the  Viceroy, 
invited  a  number  of  gentlemen  eminent  as  directors  of  public  works,  as 
engineers,  and  distinguished  in  other  ways,  to  form  an  International  Com- 
mission for  the  purpose  of  considering  and  reporting  on  the  practicability 
of  forming  a  ship  canal  between  the  Mediterranean  and  the  Red  Sea. 
This  Commission,  which  included  some  of  the  ablest  civil  and  military 
engineers  of  Europe,  was  honorary,  and  its  members  were  considered  aa 
guests  of  the  Viceroy. 

The  Commission  met  in  Egypt  in  December  1855  and  January  1856, 
and,  accompanied  by  M.  Lesseps,  and  by  Mougel  Bey  and  Linant  Bey, 
engineers,  and  other  gentlemen  in  the  service  of  the  Viceroy,  they  made 
a  careful  examination  of  the  harbours  in  the  two  seas  and  of  the  in- 
tervening Desert,  and  arrived  at  the  conclusion  that  a  ship  canal  was 
practicable  between  the  Gulf  of  Pelusium  in  the  Mediterranean  and  the  Red 
Sea  near  Suez.  They  differed,  however,  as  to  the  mode  in  which  such  a 
canal  should  be  constructed.  The  three  English  engineering  members  of  the 
Commision  were  of  opinion  that  a  ship  canal  raised  25  feet  above  the 
sea-level,  and  communicating  with  the  Bay  of  Pelusium  at  one  end  and 
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the  Red  Sea  at  the  other,  by  means  of  locks,  and  supplied  with  water 
from  the  Nile,  was  the  best  mode  of  construction.  The  foreign  members, 
on  the  contrary,  held  that  a  canal  27  feet  below  sea-level,  from  sea  to  sea, 
without  any  lock,  and  with  harbours  at  each  end,  was  the  best  system  :  the 
harbours  to  be  formed  by  piers  and  dredging  out  to  deep  water. 

The  whole  of  the  Members  of  the  Commission,  with  the  exception  of 
Mr.  Rendel,  met  at  Paris  in  June  1856,  when  the  views  of  the  English 
engineers  were,  afler  full  discussion,  rejected,  and  the  report  to  the 
Viceroy  recommended  the  system  which  has  since  been  carried  out.  The 
Commission  estimated  the  work  to  cost  X8,000,000. 

Two  years  from  the  date  of  this  report  were  spent  in  conferences  and 
preliminary  steps  before  M.  Lesseps  obtained  the  necessary  funds  for 
carrying  out  the  works.  About  half  the  capital  required  was  subscribed 
on  the  Continent,  by  far  the  larger  portion  being  taken  in  France,  and 
the  ether  half  was  found  by  the  Viceroy.  Further  time  was  necessarily 
lost  in  preparation,  and  it  was  not  till  near  the  close  of  1860  that  the  work 
was  actually  commenced. 

In  this  interval  two  **  Reports  on  the  subject  of  the  Deposits  of  the 
Delta  of  the  Nile"  were  made  by  Admiral  (then  Captain)  T.  Spratt,  R.N.», 
C.B.,  F.R.S.,  extracts  from  which  were  printed  by  order  of  the  House  of 
Commons  in  1860.  They  embraced  "  An  Enquiry  into  the  Soundness  of 
M.  Lesseps's  Reasonings  and  Arguments  on  the  practicability  of  the  Suez 
Canal,"  and  **  An  Investigation  of  the  effect  of  the  prevailing  Wave-in- 
fluence on  the  Nile's  Deposits,  and  upon  the  Littoral  of  its  Delta."  These 
documents  were  dated  respectively  30th  January  and  9th  July  1858. 

The  conclusion  to  which  Captain  Spratt  arrived  was  adverse  to  M, 
Lesseps's  project.  He  was  of  opinion  that  it  would  be  next  to  impossible 
to  keep  open  any  harbour  to  the  eastward  of  the  mouths  of  the  Nile;  and 
he  warned  "  the  commercial  interest  against  risking  their  millions  in  the 
undertaking."  He  contended  that  the  material  brought  to  the  sea  by 
the  Nile,  and  which  is  carried  eastwards  by  the  prevailing  winds  and  cur- 
rents, would  accumulate  against  the  piers  or  jetties  proposed  to  be  carried 
out  to  deep  water  at  Port  Said,  so  rapidly  and  to  such  an  extent  as  to 
prevent  the  maintenance  of  a  sufficient  harbour.  He  thought  **  the 
sands  of  the  Nile  would  mount  over  the  piers  of  Said,"  and  he  did  not 
believe  that  any  amount  of  dredging  would  overcome  the  difficulties. 

It  was  against  such  opinions  from  high  authority  that  M.  Lesseps  had 
to  contend ;  but  his  confidence  in  his  project  and  his  courage  and  per- 
severance never  failed  him.  As  time  went  on,  he  had  other  difficulties 
ahead. 

The  original  concession  granted  extraordinary  privileges  to  the  Com- 
pany. It  included  or  contemplated  the  formation  of  a  *' sweet-water " 
canal  for  the  use  of  the  workmen  engaged  ;  and  the  Company  were  to  be- 
come proprietors  of  all  the  land  which  could  be  irrigated  by  means  of  this 
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canal.  One  of  the  conditiona  of  the  concession  also  was»  that  the  Vkeroy 
should  procure  forced  labour  for  the  execution  of  the  work ;  and  soon  tSia 
the  commencement  of  operations,  and  for  some  time,  the  number  of  work- 
men 80  engaged  amounted  to  from  25,000  to  30,000.  The  work,  thus  com- 
menced, steadily  proceeded  until  1862,  when  the  late  Viceroy,  daring 
his  Tisit  to  this  country  at  the  time  of  the  International  Exhibition,  re- 
quested Mr.  Ilawkshaw,  F.R.S.,  to  visit  the  canal  and  report  on  the  con- 
dition of  the  works  and  the  practicability  of  its  being  successfully  com- 
pleted and  maintained.  His  Highness's  instructions  were,  that  Mr.  Hawk- 
shaw  should  make  an  examination  of  the  works  quite  independently  of  the 
French  Company  and  their  engineers,  and  report,  from  his  own  personal 
examination  and  consideration,  the  result  at  which  he  arriTcd.  If  his 
report  were  favourable,  the  work  would  be  proceeded  with  ;  if  unfavourable, 
it  would  at  once  be  stopped. 

Mr.  Hawkshaw  proceeded  to  Egypt  upon  this  important  commission  in 
November  of  the  same  year;  and  in  February  1863  he  wrote  a  well-con- 
sidered report  which  may  be  said  to  have  in  great  measure  contributed 
to  the  rapid  and  successful  completion  of  the  work.  Mr.  Hawkshaw 
described  the  works  of  the  canal  which  had  been  already  executed,  and 
those  which  remained  at  that  time  unfinished.  He  examined  and  dis- 
cussed the  dimensions  of  the  various  parts  then  in  progress,  recommend- 
ing various  alterations ;  and  having  carefully  gone  into  all  the  details  of 
construction,  he  proceeded  to  investigate  the  question  of  maintenance,  with 
reference  to  which  it  had  been  urged  by  opponents : — 

"  1st.  That  the  canal  will  become  a  stagnant  ditch. 

"  2nd.  That  the  canal  will  silt  up,  or  that  the  moving  sands  of  the  Desert 
will  fill  it  up. 

"  3rd.  That  the  Bitter  Lakes  through  which  the  canal  is  to  pass  will 
be  filled  up  with  salt. 

"  4th.  That  the  navigation  of  the  Red  Sea  is  dangerous  and  difficult. 

"5th.  That  shipping  will  not  approach  Port  Said,  because  of  the 
difficulties  that  will  he  met  with,  and  the  danger  of  that  port  on  a  lee- 
shore. 

**  6th.  That  it  will  be  difficult,  if  not  impracticable,  to  keep  open  the 
Mediterranean  entrance  to  the  canal." 

Having  analyzed  each  of  these  objections,  and  fully  weighed  the  ar- 
guments on  which  they  were  based,  he  came  to  the  following  conclusions 
as  to  the  practicability  of  construction  and  of  maintenance  : — 

"1st.  As  regards  the  engineering  construction,  there  are  no  works  on 
the  canal  presenting  on  their  face  any  unusual  difficulty  of  execution,  and 
there  are  no  contingencies,  that  I  can  conceive,  likely  to  arise  that  would 
introduce  difficulties  insurmountable  by  engineering  skill. 

"  2ndly.  As  regards  the  maintenance  of  the  canal,  I  am  of  opinion  that  no 
obstacles  would  be  met  with  that  would  prevent  the  work,  when  completed. 
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being  omintained  with  ease  and  efficiency,  and  without  the  necessity  of 
incurring  any  extraordinary  or  unusual  yearly  expenditure." 

The  whole  of  Mr.  Hawkshaw*s  report  is  well  worthy  of  perusal ;  and  I 
must  congratulate  him  on  the  sound  conclusions  at  which  he  arrived,  and 
on  the  foresight  by  which  he  was  enabled  to  point  out  difficulties  and  con- 
tingencies which  have  since  arisen.  Could  he  at  that  time  have  seen  the 
full  realization  of  the  work,  he  would  scarcely  have  altered  the  report 
he  wrote.     • 

Said  Pasha  died  between  the  period  of  Mr.  Hawkshaw's  examination  of 
the  country  and  the  date  of  his  report.  He  was  succeeded  by  his  brother 
Ismail,  the  present  Viceroy  or  Khedive,  who,  alarmed  at  the  largeness 
and  uncertainty  of  the  grants  to  the  Canal  Company,  of  the  proprietor- 
ship of  land  which  could  be  irrigated  by  the  Sweet-water  Canal,  and 
anxious  to  retire  from  the  obligation  of  finding  forced  labour  for  the  con- 
struction of  the  works,  refused  to  ratify  or  agree  to  the  concessions 
granted  by  his  brother.  The  whole  question  was  referred  to  the  arbitration 
of  the  present  Emperor  of  the  French,  who  kindly  undertook  the  task, 
and  awarded  the  sum  of  ^3,800,000  to  be  paid  by  the  Viceroy  to  the 
Canal  Company  as  indemnification  for  the  loss  they  would  sustain  by  the 
withdrawal  of  forced  or  native  labour,  for  the  retrocession  of  large  grants  of 
land,  and  for  the  abandonment  of  other  privileges  attached  to  the  original 
Act  of  Concession.  This  money  was  applied  to  the  prosecution  of  the 
works. 

The  withdrawal  of  native  labour  involved  very  important  changes  in  the 
mode  of  conducting  the  works,  and  occasioned  at  the  time  considerable 
delay.  Mechanical  appliances  for  the  removal  of  the  material,  and  Euro- 
pean skilled  labour,  had  to  be  substituted ;  these  had  to  be  recruited  from 
different  parts  of  Europe,  and  great  difficulty  was  experienced  in  pro- 
curing them.  The  accessory  canals  had  to  be  widened  for  the  conveyance 
of  larger  dredging-machines,  and  additional  dwellings  had  to  be  provided  for 
the  accommodation  of  European  labourers.  All  these  difficulties  were 
overcome,  and  the  work  proceeded. 

Since  the  date  of  Mr.  Hawkshaw's  Report,  viz.  February  1863,  much  has 
been  said  and  written  upon  the  operations  of  the  canal  as  they  were  going 
on,  and  upon  its  prospects  of  success.  Sir  William  Denison,  K.C.B.,  R.E., 
presented  the  Institution  of  Civil  Engineers,  in  April  1867,  with  a  paper 
on  the  condition  of  the  works  as  he  found  them  at  the  end  of  1866,  which 
led  to  an  animated  discussion  upon  the  whole  subject.  The  conclusions 
at  which  Sir  William  Denison  himself  arrived  were  : — 

"  1st.  That  (subject,  of  course,  to  the  condition  that  the  relative  levels 
of  the  Red  Sea  and  the  Mediterranean  are  as  stated  by  the  French  autho- 
rities) there  will  be  no  extraordinary  difficulty  in  carrying  an  open  salt- 
water channel  from  the  Mediterranean  to  the  Red  Sea  of  the  depth  pro- 
posed, namely  8  metres. 
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"  2ncl.  That  no  special  difficulty  in  maintaining  this  channel  need  be 
anticipated. 

"  3rd.  That  it  will  be  necessary  to  modify  the  section  proposed  by  the 
French  engineers,  making  the  side  slopes  much  more  gradual. 

"  4th.  That  the  cost  of  maintaining  the  above-mentioned  depth  of  water 
will  be  found  at  first  to  be  largely  in  excess  of  the  amount  estimated. 
Eventually,  it  is  by  no  means  impossible  that  means  may  be  found  to  ^x 
or  check  the  drift  of  sand,  or  to  shut  it  out  from  the  canal.  But  for 
some  years  it  must  be  expected  that  the  ordinary  action  of  the  atmo- 
sphere, which  has  filled  up  former  excavations  made  in  this  dry  desert, 
will  have  the  same  effect  on  the  new  canal. 

"  Looking  at  the  work  as  an  engineer,  there  does  not  appear  to  be  any 
difficulty  which  a  skilful  application  of  capital  may  not  overcome." 

In  the  discussion  which  followed,  while  on  the  one  hand  Sir  William 
Denison*s  views  were  well  supported,  much  was  said,  on  the  other  hand,  of 
the  difficulties  which  would  attend  the  construction,  and  the  impossibility 
of  keeping  open  the  harbours  and  the  canal.  The  old  questions  of  silting 
up  and  stagnation  were  discussed ;  and  quotations  from  the  correspondence 
of  Mr.  R.  Stephenson  with  M.  de  Negrelli  were  read,  with  the  object  of 
showing  the  absurdity  of  the  whole  scheme.  In  one  of  these  quotationa 
Mr,  Stephenson  thus  expresses  himself: — 

"  In  conclusion.  Sir,  I  will  only  say  that  I  have — indeed  I  can  have — 
no  hostility  to  a  maritime  canal  through  the  Isthmus  of  Suez.  If  I  could 
regard  such  a  canal  as  commercinlly  advantageous,  I  have  already  shown 
that  I  should  be  the  first  to  give  it  the  advantage  of  my  time,  my  money, 
and  my  experience.  It  was  because,  after  elaborate  investigation,  and  in 
conjunction  with  such  men  as  M.  Talabot,  I  arrived  at  a  clear  conclusion 
that  the  project  was  not  one  which  deserved  serious  attention,  that  I 
refused  to  give  it  support.  I  should  be  delighted  to  see  a  channel  like  the 
Dardanelles  or  the  Bosphorus  penetrating  the  Isthmus  that  divides  the 
Red  Sea  from  the  Mediterranean.  But  I  know  that  such  a  channel  is  im- 
practicable—  that  nothing  can  be  effected  even  by  the  most  unlimited 
expenditure  of  time  and  life  and  money  beyond  the  formation  of  a 
stagnant  ditch,  between  two  almost  tideless  seas,  unapproachable  by  large 
ships  under  any  circumstances,  and  only  capable  of  being  used  by  small 
vessels  when  the  prevalent  winds  permit  their  exit  and  their  entrance.  I 
believe  that  the  project  will  prove  abortive  in  itself  and  ruinous  to  its  con- 
structors  ;  and  entertaining  that  view,  I  will  no  longer  permit  it  to  be  said 
that,  by  abstaining  from  expressing  myself  fully  on  the  subject,  I  am 
tacitly  allowing  capitalists  to  throw  away  their  money  on  what  my  know- 
ledge assures  me  to  be  an  unwise  and  unremunerative  speculation.'* 

It  was  shown  also  by  calculations  that  the  evaporation  from  the  Bitter 
Lakes  alone,  without  taking  into  consideration  the  long  length  of  canal, 
was  such  that  the  channel  from  the  Red  Sea  to  the  lakes  was  much  too 
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small  to  supply  the  loss,  and  that  the  result  would  he  that  the  water  in  these 
Lakes  must  settle  to  a  level  helow  the  low  water  of  a  spring  tide  in  the  Red 
Sea.  It  was  urged  too  that  there  would  he  great  difficulty  in  maintaining 
the  entrances  to  the  harbours  and  the  harhours  themselves,  and  that  bars 
would  inevitably  form  at  each  end  of  the  canal. 

It  will  be  seen  therefore  that,  so  recently  as  1867,  opinions  were  strongly 
against  the  success  of  the  canal,  those  persons  who  entertained  contrary 
views  heing  in  a  considerable  minority. 

In  the  commencement  of  this  year  Mr.  John  Fowler,  C.E.,  wrote  an 
excellent  letter  to  *  The  Times '  on  the  condition  in  which  he  then  found  the 
canal,  and  upon  its  prospects.  The  observations  which  he  made,  and  the 
conclusions  at  which  he  arrived,  seem  to  have  been  carefully  formed  and 
well  grounded.  He  stated  that  the  cost  would  greatly  exceed  the  original 
estimate,  although  the  works  were  carried  out  of  much  less  than  the 
originally  proposed  dimensions — that  the  works  were  in  truth  simple  in 
character,  and  in  a  soil  favourable  to  execution,  but  of  such  vast  magnitude, 
and  in  a  country  presenting  such  peculiar  difficulties  in  climate,  and  in  the 
absence  of  fresh  water,  that  special  organization  and  adoption  of  means  of 
no  ordinary  kind  were  required  for  their  realization.  He  was  of  opinion 
that  large  quantities  of  alluvium  would  find  their  way  into  the  harbour  at 
Port  Said,  and  that  it  would  be  necessary  to  make  the  western  break- 
water solid  to  prevent  the  deposit  being  carried  through,  as  at  present — 
nevertheless  that  no  apprehension  need  be  entertained  as  to  the  channel 
and  harbour  being  silted  up  and  destroyed,  but  that  considerable  expense 
in  dredging  would  be  constantly  required.  He  agreed  with  Mr.  Hawkshaw 
that  the  amount  of  drifting  sand  would  not  be  such  as  materially  to  inter- 
fere with  maintenance,  that  various  means  might  be  adopted  for  limiting 
the  amount,  but  that,  after  every  precaution,  it  would  be  necessary  to 
employ  one  or  two  powerful  dredges  to  keep  the  canal  clear  from  the  sand 
blown  in.  He  was  further  of  opinion  that  the  protection  of  the  slopes  by 
stone  would  be  necessary.  With  reference  to  the  evaporation  from  the 
Bitter  Lakes,  and  the  current  from  the  Red  Sea  to  those  Lakes,  he  be- 
lieved that  it  would  not  be  strong  enough  to  affect  injuriously  the  bottom 
or  sides  of  the  channel,  after  they  had  been  properly  protected  by  stone 
pitching.  Mr.  Fowler  then  entered  into  a  consideration  of  the  mode  in 
"which  the  traffic  should  be  carried  on  and  the  probable  use  to  be  made  of 
the  canal,  and  concluded  his  letter  with  a  well- deserved  compliment  to  the 
remarkable  energy  and  perseverance  of  M.  Lesseps,  to  the  skill  and  re- 
sources of  M.  Voisin,  the  Engineer-in-chief,  and  the  district  engineers 
acting  under  him,  and  to  the  great  powers  of  organization  and  high  qualities 
of  M.  Levalley,  the  contractor. 

The  total  length  of  the  canal  from  Port  Said  to  Suez  is  99  miles ;  it 
varies  in  width  from  196  feet  to  327  feet,  having,  however,  in  each  case  a 
width  of  72  feet  in  the  centre,  the  slopes  on  each  side  of  this  centre- 
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Avidth  varying  with  the  character  of  the  material  cut  through.  Near 
Port  Said,  and  through  the  shallow  lake  of  Menxaleh,  the  material  ia  veiy 
siiiuly ;  and  here  and  elsewhere,  under  similar  circumstances,  the  slopes 
must  he  protected  hy  stone  pitching  or  facing,  or  they  will  wash  down 
hy  the  action  of  passing  vessels,  and  the  material  thus  deposited  in 
the  ))uttoni  of  the  canal  must  he  removed  hy  dredging.  Further  south, 
the  nmtrrial  generally  hecomes  more  argillaceous  and  stony ;  and  here  the 
HlopcH  will  be  nuich  more  easily  maintained,  though  nearly  throughout  the 
whole  It'np;th  of  the  canal  some  stone  protection  at  the  level  of  the  water 
will  lit'  mpiirod. 

lU'foro  reaching  Lake  Timsah,  which  lies  about  midway  between  Port 
Sitiil  and  Suex,  the  canal  passes  through  the  deep  cutting  of  El  Guisr,  which 
at.  i\n  greatest  depth  is  85  feet  to  the  bottom  of  the  canal.  The  lower 
part  of  (his  exeavation,  at  and  a  little  above  the  level  of  the  water,  con- 
histM  of  Hoft  eluy.  above  which  is  a  concreted  mass  of  shells  and  sand; 
and  tliiH  \h  covered  by  loose  sand  liable  to  be  acted  on  by  the  wind.  The 
ennal  liere  in  curved  and  narrow,  and  ought  to  be  improved  in  both  re- 
Hpe(*trt.  It  isi  apiiii  n'stricted  in  width  through  the  deep  cutting  at 
Scrnpeuni ;  but  here,  the  material  being  argillaceous  and  strong,  the  slope 
will  he  etiHily  nuiintniuiHl  in  shape.     From  the  Bitter  Lakes  to  Sues  it  is 

II  w'uU\  tuthle,  and  well- tinished  canal. 

( hit  «tf  the  whole  length,  nearly  oO  miles  are  through  Lake  Timsah  and 
the  llilter  Lakes,  jA  miles  in  the  tirst,  and  23}  in  the  latter.  In  these 
Inkivt  a  deep  channel  has  been  dredged  out,  which  is  marked  by  buoys  and 
htiik(*i.  These  vast  sheets  of  water  in  the  midst  of  the  Desert,  on  which 
HO  luativ  nohle  \essels  were  tloatin&r.  had  been  but  a  few  months  before 
nieir  »liv  »lepres.sii»ns,  covered  hy  a  stratum  of  salt.  The  filling  them  with 
Wilier  eonnueneeil  in  Kehruary  from  the  Mediterranean,  and  in  July  from 
thi'  Itiil  Srn.  They  wen*  tilled  by  the  beginning  of  October,  thus  belying 
iiiir  III'  the  many  unt'avourahle  prophivies,  that  the  absorption  and  evapo- 
iriliiui  wuitld  he  so  ureal  thai  ihev  Mould  never  till  at  all,  or,  if  they  did,  the 
etiiiviii  inwards  in  hoili  dinviions  would  be  so  great  as  to  be  destructive  of 
llip  eiiiiid. 

thi  our  uiyai^e  from  Port  Said  to  near  Lake  Timsah  there  was  a  cur- 
rent  Mrtting  against   us  towards  the  Mediterranean.     We  anchored  about 
lllilv  iVohi  the  end  of  this  portion  of  the  canal,  and  at  dayhght  the  next 
Inn  lhi«rt'  waM  H  e\irrent  in  the  same  direction  of  nearly  1^  mile  an 
Owr  lime  of  starting  from  Lake  Timsah  was  purposely  delayed  till 
mltldayi  that  we  niighi  have  the  tide  from  the  Red  Sea  against  us, 
MPt»p  Water  o\er  the  rvH*ks  at  Serapoum.     The  current  towards  Lake 
IMh  waM  ktnMig  ;  and  on  the  follow  iiig  morning,  between  the  Bitter  Lakes 
^'•«*»i  it  ran  at  »«]  uiilet  per  hour,  bui  a  strong  southerly  wind  accom- 
llltml  ih(,  li^i^.      ^Y,,  iijj^i  „^>  opporiunity  of  making  obser^-ations  our- 
>i  ttr  (if  (ibiHining  iiitorination  ;  but  my  impression  is  that  at  this  season 
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of  the  year  there  is  on  the  average  of  the  day  a  regular  current  from  the 
Red  Sea  to  the  Mediterranean. 

This  is  an  interesting  as  well  as  important  question  ;  and  it  is  to  be  hoped 
that  regular  observations  will  be  taken  at  all  points  along  the  canal,  and  at 
each  end,  which  may  show  accurately  the  rise  and  fall  of  tide,  the  velocity 
and  duration  of  the  currents  in  each  direction,  and  the  relative  height  of  the 
Tarious  portions  of  the  canal  and  the  Lakes  it  traverses. 

The  range  of  the  tide  in  the  Mediterranean  is,  as  already  stated,  about 
12  inches,  while  in  the  Red  Sea  at  Suez  it  varies  from  4  to  6  feet. 

On  the  day  of  the  opening  thirty-two  vessels  reached  Lake  Timsah 
without  let  or  hindrance ;  one  Egyptian  vessel,  the  *  Garbia,'  coming 
after  this  number,  stuck  fast  for  some  hours  about  12  miles  from  the 
Lake,  and  retarded  a  number  of  vessels  in  its  rear ;  but  eventually  all 
came  forward,  and  the  mighty  fleet  assembled  on  Lake  Timsah  the  fol- 
lowing day. 

At  Port  Said  1  counted  on  the  day  of  the  inauguration  more  than 
ninety  vessels,  chiefly  of  the  largest  class  (many  being  upwards  of  2000  tons 
register),  and  including  a  fleet  of  British  "iron-clads,**  which  anchored  within 
the  western  pier.  Here,  however,  a  good  deal  requires  to  be  done.  The 
harbour  is  formed  by  two  jetties  built  of  concrete  blocks,  the  western  one 
being  run  out  to  sea,  at  right  angles  to  the  shore,  for  a  distance  of  2400 
metres,  and  then  turned  eastwards  for  300  metres  more.  The  eastern 
jetty  flttarts  from  shore  at  a  distance  of  1400  metres  from  the  western  pier, 
is  continued  out  to  sea  for  a  length  of  about  1700  metres,  gradually 
approaching  to  within  about  700  metres  of  the  western  jetty  at  its  termi- 
nation. 

The  western  jetty  has  been  erected  for  protection,  and  for  the  purpose  of 
intercepting  the  sand  and  alluvial  matter  which  are  undoubtedly  drifted 
from  the  mouth  of  the  Nile  eastwards.  This  work  is  too  light  and  too  open 
effectually  to  answer  its  purpose,  and  requires  improvement.  Close  in  shore 
a  considerable  amount  of  the  drifting  sand  has  been  arrested,  and  where 
the  sea  recently  flowed  there  is  already  an  accumulation  of  dry  land. 
On  the  land  thus  formed  were  erected  the  temple  in  which  the  Viceroy 
received  his  principal  guests  at  the  inauguration,  and  the  temples  for 
the  worship  of  the  Mahometan  and  Christian  churches,  where  all  the 
religions  of  the  world  were  supposed  to  be  present  and  to  ask  a  blessing  on 
the  great  undertaking  the  opening  of  which  they  were  assembled  to  cele- 
brate. In  its  present  condition,  the  jetty  favours  the  deposit  of  material 
within  the  harbour ;  and  not  until  the  passage  of  the  sand  through  the 
interstices  of  the  concrete  blocks  of  which  it  is  built  has  been  checked, 
will  there  be  any  effectual  protection  against  the  silting  up  which  is 
taking  place.  Perhaps  by  degrees  an  inner  bank  or  shoal  may  be 
formed,  which  would  answer  the  purpose  of  a  breakwater ;  but  this  would 
create  a  crooked  and   incouTenient  channel,  and  would   be   ineffective 
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towards  the  seaward  end  of  the  jetty.  The  Ck)mpan7  will  no  doubt  see 
the  necessity  of  completing  the  necessary  works  here  and  elsewhere.  The 
harbour  at  Port  Said  and  portions  of  the  canal  will  require  pretty  constant 
dredging  for  some  time  ;  but  in  my  opinion  neither  this  nor  any  other  work 
will  entail  any  very  serious  expense  in  maintenance. 

The  cost  of  the  whole  undertaking  is  stated  to  have  been  about 
^1 6,000,000  sterling ;  and  it  may  require  from  ^62,000,000  to  ^64,000.000 
more  to  complete  the  work  satisfactorily  on  its  present  scale  of  dimensions ; 
but  interest  has  to  be  paid  at  present  on  about  half  only  of  the  capital 
hitherto  raised. 

Many  persons  who  are  competent  to  form  sound  opinions  on  this 
point  believe  that  the  traffic  will  be  quite  sufficient  to  pay  all  cost  of  main- 
tenance and  handsome  dividends ;  but  I  am  not  sufficiently  well  informed 
to  hazard  any  conjecture  on  the  purely  financial  part  of  the  question.  In 
an  engineering  point  of  view  I  consider  the  canal  a  great  and  most  im- 
portant undertaking — great,  however,  only  as  respects  its  magnitude  and 
the  country  in  which  it  has  been  executed.  There  is  not  a  work  of  art  or 
of  difficulty  from  one  end  to  the  other;  but  there  have  been  about 
80,000,000  cubic  yards  of  material  excavated,  and  at  one  time  nearly 
30,000  labourers  were  employed  in  the  works.  For  their  sustenance,  and 
before  operations  could  be  carried  on  with  any  vigour,  sweet  water  had 
to  be  brought  from  the  Nile  at  Cairo,  and  distributed  along  the  whole 
length  of  the  canal.  This  work  was  in  itself  one  of  considerable  magni- 
tude. It  is  a  navigable  canal  from  Cairo  to  IsmaVIia,  and  thence  to  Suez. 
From  Ismailia  to  Port  Said  and  intervening  places,  the  fresh  water  is  con- 
veyed in  pipes.  The  surplus  water  has  been  applied  to  irrigation,  the 
fertilizing  results  of  which  are  already  visible,  and  may  be  expected  to 
perform  an  important  part  in  the  improvement  of  the  country. 

The  canal  must  be  regarded  as  a  great  work,  more  from  its  relation 
to  the  national  and  commercial  interests  of  the  world  thau  from  its  en- 
gineering features.  In  this  light  it  is  impossible  to  overestimate  its  im- 
portance. It  will  effect  a  total  revolution  in  the  mode  of  conducting  the 
great  traffic  between  the  East  and  the  West,  the  beneficial  efiects  of  which 
I  believe  it  is  difficult  to  realize.  It  is  in  this  sense  that  the  undertaking 
must  be  regarded  as  a  great  one ;  and  its  accomplishment  is  due  mainly  to 
the  rare  courage  and  indomitable  perseverance  of  M.  Ferdinand  Lessep^ 
who  well  deserves  the  respect  he  has  created  and  the  praises  which  have 
been  bestowed.  By  cutting  across  the  sandy  ligaments  which  have  hitherto 
united  Asia  and  Africa,  a  channel  of  water-communication  has  been  opened 
between  the  East  and  the  West  which  will  never  again  be  closed  so  long  as 
mercantile  prosperity  lasts  or  civilization  exists. 

I  cannot  close  this  letter  without  expressing  my  obligations  to  Mr. 
Pender,  Chairman  of  the  Eastern  Telegraphic  Companies,  who  courteously 
entertained  me,  with  other  friends,  on  our  passage  through  the  canal  on 
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board  the  *  Hawk/  a  steam  corvette  belonging  to  the  Electric  Telegraph 
Construction  Company,  which  had  been  placed  at  his  disposal.  On  board 
this  vessel  were  assembled  a  small  body  of  distinguished  and  intelligent  gen- 
tlemen, who  had  more  than  usual  opportunities  of  obtaining  such  informa- 
tion as  time  and  circumstances  afforded. 

I  have  the  honour  to  remain. 

Very  truly  and  faithfully  yours, 

John  Fred.  Bateman. 
Lieut, 'General  Sir  Edward  Sabine,  PM.S.,  K.C.B, 

Memorandum  as  to  the  Dimensions  of  the  Canal. 

The  following,  it  is  believed,  are  the  dimensions  on  which  the  canal  has 
been  constructed.  They  are  principally  extracted  from  Mr.  Fowler*  s 
letter. 

Width  at 


length.       *^P  ^^'•' 


Miles,  in 

in  feet. 

1.  From  Port  Said,   through   Lakes  Menzaleh 

and  Ballah,  to  near  El  Ferdane 37  327 

2.  From  near  El  Ferdane,  through  the  great  ex- 

cavation of  Seuil  de  Guisr,  to  Lake  Timsah  •       9|  196 

3.  Through  Lake  Timsah 5|  32/ 

4.  From  Lake  Timsah,  through  the  excavation 

of  Seuil  de  Serapeum,  to  the  Bitter  Lakes  . .        7^  196 

5.  Through  the  Bitter  Lakes    23i  327 

6.  Through  the  deep  portion  of  Chalouf  cutting  .5  196 

7.  Thence  to  Suez  and  the  end  of  the  canal ....      11  327 

Total  length    99 

The  canal  is  intended  throughout  to  be  8  metres,  or  26  ft.  4  in.  in 
depth.  In  every  case  this  depth  is  to  be  maintained  for  a  width  at  the 
bottom  in  the  centre  of  72  feet,  with  slopes  on  each  side  of  2  horizontal  to 
1  vertical  to  within  a  few  feet  of  the  surface.  In  the  wider  portions  of  the 
canal  the  sides  above  this  level  are  formed  with  flat  slopes  of  5  horizontal 
to  1  vertical,  with  a  horizontal  bench  between  the  two  slopes  of  58  feet 
in  width.  A  narrower  bench  is  left  where  the  canal  is  of  the  smaller 
vndth. 

On  board  the  *  Hawk  '  6ounding;s  were  taken  along  the  whole  length  of 
the  canal.  Between  Port  Said  and  Lake  Timsah  the  soundings  near  the 
centre  of  the  canal,  on  both  sides  of  the  vessel,  showed  a  depth  varying 
from  21  ft.  to  29|  ft.,  the  greater  number  being  from  24  to  29.  In  Lake 
Timsah  the  depth,  according  to  soundings,  was  from  19  to  23  ft.  Be- 
tween Lake  Timsah  and  the  Bitter  Lakes  there  were  no  soundings  less 
than  21  ft.,  except  over  the  rocks  at  Serapeum,  where  vessels  drawing 
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1 6  ft.  only  could  pass.  In  the  Bitter  Lakes  the  depth  was  seldom  below 
28  ft.,  often  above  30  fit. ;  and  the  same  may  be  said  of  the  canal  between 
the  Bitter  Lakes  and  the  Red  Sea  at  Suez.  On  each  side  of  the  deep 
part  in  the  centre  the  depth  was  generally  about  12  or  13  ft. 

Where  the  slopes  are  unprotected  by  stone,  and  the  natural  soil  is 
sandy,  the  sides,  notwithstanding  the  flat  slope,  were  a  good  deal  washed 
when  a  paddle-wheel  steamer  (the  *  Delta/  P.  &  O.  1 600  tons)  advanced 
at  seven  or  eight  miles  an  hour  ;  but  comparatively  little  effect  was  pro- 
duced when  the  speed  did  not  exceed  Ave  or  six  miles  an  hour. 

Two  large  vessels  will  find  it  difficult  to  pass  each  other  ;  but  "  lie-by 
or  passing-places  are  being  constructed  to  remedy  this  inconvenience. 

J.  F.  B. 


January  13,  1870. 

WARREN  DE  LA  RUE,  Vice-President,  in  the  Chair. 

Tlie  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows  : — 

Transactions. 

Basel : — Naturforschende  Gesellschaft.  Ycrhandlungcn.  Theil  V.  Heft  2. 

8vo.  Basel  18G9.  The  Society. 

Bern: — Naturforschende  Gesellschaft.  Mittheilungen,ausdemJahre  1868. 

No.  G54-683.     8vo.  Bern  1809.  The  Society. 

Brussels: — Acadomie Eoyale  do Medccine.   Memoircs.  TomeV.  Fasc.l. 

4to.  BnurelUs\^(j'd.  Bulletin.  8' serie.  Tome  11.  No.  10 ;  Tome  IIL 

Nos.  5-10.  8vo.  Brvarelles  1808-69.  The  Academy. 

Buenos  Aires  :-^Miiseo  Publico.    Anales,  por  German  Burmeister.  En- 

trcga  0.  4to.  Buenos  Aires  1809.  The  Museum 

Einsicdeln : — Schwcizerische  Naturforschende  Gesellschaft.     Yerhand- 

lungen.  Jahresbericht  1868.  8vo.  Einsicdeln.  The  Society. 

Geneva : — Societe  de  Physique  et  d'Histoire  NaturcUo.  Memoircs.   Tome 

XX.  Partiel.  4to.'  Genh'elSGO.  The  Societv. 

Gottingen: — Konigl. Stcrnwarte.  Astronomische  Mittheilungcn.  Theill, 

4to,  Gottinge^i  1869.  The  Royal  Society  of  Gottingen. 

Graz : — Naturwissenjschaftlichcr  Yercin  fiir  Steiermark.  Mittheilungcn. 

Band  II.  Heft  1.  8vo.  Graz  1869.  The  Society. 

Haarlem : — Musoe  Teyler.  Archives.   Yol.  II.  Fasc.  3.  roy.  8vo.  Haarlem 

1869.  The  Museum. 

London : — Quckett  Microscopical  Club.    Journal.  Nos.  7-9.  Fourth  Re- 
port. 8vo.  Zon^^n  1869-70.  The  Qub. 
Utrecht : — Provineiaal  Utrcchtsch  Gcnootschap  van  Kunsten  en  Weten- 

Bchappen.  Natuurkundige  Yerhandclingen.   Nieuwe Reeks.   Deell. 
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Transactioiis  {coniin\ud). 

Stuk  6.  4to.  Utrecht  1869.  Verslag  van  het  Verhandelde  in  de 
algemeene  Yergadering  . . .  gehouden  den  29.  Juni  1869.  8vo. 
Utrecht  1869.  Aanteekeningen  van  het  Verhandelde  in  de  Sectie- 
Vergaderingen.  8vo.  Utrecht  1869.  The  Society. 

Vienna : — K.  Akademie  der  Wissenschaften.  Sitznngsberichte.  Math.- 
Naturw.  Classe  :  Erate  Abth.  Band  LVIII.  Hefte  1-5 ;  Band  LIX. 
Hefle  1,  2.  Zweite  Abth.  Band  LVIII.  Hefte  2-5 ;  Band  LIX. 
Hefte  1-3.  Phil.-Hist.  Classe.  Band  LX.  Hefte  1-3 ;  Band  LXI. 
Heft  1.  Register  zu  den  Biinden  51-60.  8vo.  Wien  1868-69. 
Tabulae  Codicum  Manu  Scriptorum  prseter  GraDcos  et  Orientales  in 
Bibliotheca  Palatina  Vindobonensi  asservatonim.  Vol.  III.  8vo. 
VindohoncB  1869.  Die  Porphyrgestoine  Osterreichs  aus  der  mit- 
lleren  geologischen  Epoche,  vonDr.G.Tschermak.  8vo.  Wien  1869. 

The  Academy 

Belluoci  (G.)    Snll'  Ozono,  Note  e  Riflessioni.  8vo.  Prato  1869. 

The  Author,  by  Dr.  Tyndall,  F.R.S. 

Duncan  (P.M.,  F.R.S.)  First  Report  on  the  British  Fossil  Corals.  8vo 
London  1868.  The  Author. 

Hanbury  (D.,  F.R.S.)     Hisforical  Notes  on  Manna.  8vo.  London  1869. 

The  Author 

Hill  (M.D.)  Is  Allegiance  by  Birth  affected  in  England  by  Naturalization 
in  France  ?  Opinions  of  M.  Cremieux,  M.  Bonneville  do  Marsangy, 
of  Lord  Campbell,  and  of  Lord  Brougham.  8vo.  Bristol  1869. 

The  Author. 

Lankester  (E.,  F.R.S.)  Sixth  Annual  Report  of  the  Coroner  for  the 
Central  District  of  Middlesex.  8vo.  London  1S69,  The  Author. 

Leymerie  (A.)  Catalogue  des  Travaux  Geologiques  et  Mineralogiques 
public  jusqu'en  1870.  8vo.  Paris  1869.  The  Author. 

littrow  (C.  von.)  Ueber  das  Zunickbleiben  der  Alten  in  den  Natur- 
wissenschaften.  8vo.   Wien  1869.  The  Author. 

Newmarch  (W.,  F.R.S.)  Inaugural  Address.  Statistical  Society,  Nov.  16, 
1869.  8vo,  London  1869.  The  Author. 

Bonssillon  (Due  du)  Origines,  Migrations,  Philologie  et  Monuments  An- 
tiques. Vol.  I.  Partie  1,2.  8vo.  Londres  1867.  The  Author. 

ZoUner  (J.  C.  F.)  Ueber  ein  neues  Spectroskop  nebst  Beitragen  zur  Spec- 
tralanalyse  der  Gesteine.  Beobachtungen  von  Protuberanzen  der 
Sonne.     Astrophysik.  8vo.  Leipzig  1868.  The  Author. 

The  following  communications  were  read : — 
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I.  "  Oa  the  Mineral  Constituents  of  Meteorites.'*  By  Nevil 
Story-Maskelyne,  M.A.,  Professor  of  Mineralogy  in  the  Uni- 
versity of  Oxford,  and  Keeper  of  the  Mineral  Department, 
British  Museum.  Communicated  by  Prof.  H.  J.  Stephen 
Smith.     Received  October  9,  1869. 

(Abstract.) 

I.  The  Application  of  the  Microscope  to  the  Investigation  o/ Meteorite*. 

The  difficulties  iu  the  way  of  the  complete  investigation  of  a  meteorite 
resemble  those  we  meet  with  in  terrestrial  rocks.  In  both  the  ingredient 
minerals  are  minute,  and  are  often,  especially  in  the  case  of  the  aerolitic 
rock,  very  imperfectly  crystallized.  Moreover  the  methods  for  separating 
them,  whether  mechanically  or  chemically,  are  very  incomplete.  With  a 
view  to  obtain  some  more  satisfactory  means  of  dealing  with  these  aggre- 
gates of  mixed  and  minute  minerals,  I  sought  the  aid  of  the  microscope,  by 
having  in  the  first  place  sections  of  small  fragments  cut  from  the  meteorites 
so  as  to  be  transparent. 

One  may  learn,  by  a  study  and  comparison  of  such  sections,  something 
concerning  the  changes  that  a  meteorite  has  passed  through  ;  for  one  soon 
discovers  that  it  has  had  a  history,  of  which  some  of  the  facts  are  written  in 
legible  characters  on  the  meteorite  itself;  and  one  finds  that  it  is  not 
difficult  roughly  to  classify  meteorites  according  to  the  varieties  of  'their 
structure.  In  this  way  one  recognizes  constantly  recurring  minerals ;  but 
the  method  affords  no  means  of  determining  what  they  are.  Even  the 
employment  of  polarized  light,  so  invaluable  where  a  crystal  is  examined  by 
it  of  which  the  crystallographic  orientation  is  at  all  known,  fails,  except  in 
rare  cases,  to  be  a  certain  guide  to  even  the  system  to  which  such  minute 
crystals  belong.  It  was  found  that  the  only  satisfactory  way  of  dealing  with 
the  problem  was  by  employing  the  microscope  chiefly  as  a  means  of  select- 
ing and  assorting  out  of  the  bruised  debris  of  a  part  of  the  meteorite  the 
various  minerals  that  compose  it,  and  then  investigating  each  separately  by 
means  of  the  goniometer  and  by  analysis,  and  finally  recurring  to  the 
microscopic  sections  to  identify  and  recognize  the  minerals  so  investi- 
gated. The  present  memoir  deals  with  the  former  part  of  this  inquiry. 
Obviously  the  amount  of  each  mineral  thus  determined,  after  great  care 
and  search,  can  only  be  extremely  small,  as  only  very  small  amounts  of  a 
meteorite  can  be  spared  for  the  purpose,  notwithstanding  that  as  large  a 
surface  as  possible  of  its  material  requires  to  be  searched  over  for  instances 
of  any  one  of  the  minerals  occurring  in  a  less  than  usually  incomplete  form. 
On  this  account  one  has  to  operate  with  the  greatest  caution  in  performing 
the  analysis  of  such  minerals;  and  the  desirability  of  determining  the 
silica  with  more  precision  than  is  usually  the  case  in  operations  on  such 
minute  quantities  of  a  silicate  suggested  to  me  the  process,  wliich,  after 
several  experiments  in  perfecting  it,  assumed  the  following  form. 
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II.  On  the  Method  of  Analysing  Silicates  that  do  not  gelatinize  with 

Hydrogen  Chloride. 

The  process  is  conducted  in  an  apparatus  of  the  following  construction. 
A  platinum  retort,  30  cuh.  centims.  in  capacity,  is  fitted  with  a  tubulated 
stopper  of  the  same  material,  which  reaches  nearly  to  the  bottom ;  a  small 
tube  entering  the  vertical  tube  of  the  stopper  at  an  angle,  above  the  neck  of 
the  retort,  conveys  hydrogen  to  its  interior,  llie  vertical  tube  cau  be 
closed  either  by  a  stopper  of  platinum  or  by  a  funnel  of  that  metal,  stopped 
in  like  manner  at  the  top,  and  having  a  fine  orifice  at  its  lower  extremity. 

To  the  side  of  the  retort,  just  below  its  neck,  a  straight  delivery-tube  is 
fixed,  which  in  its  turn  fits  into  another  platinum  tube  that,  after  taking  a 
curve  into  a  vertical  position,  is  enlarged  into  a  cylinder,  which  passes  a 
considerable  distance  down  a  test-tube.  The  latter,  into  which  the  de- 
livery-tube is  fitted  with  a  cork,  holds  7'5  cub.  centims.,  or  ^'^  grammes 
of  strong  ammonia  of  the  spec,  gravity  0*88. 

The  gas-delivery  tube  inserted  in  the  side  of  this  receiver  dips  into  some 
more  ammonia  in  a  second  test-tube. 

The  pounded  mineral,  from  0*2  to  0*5  gramme  in  quantity,  and  a  small 
platinum  ball,  are  placed  in  the  retort,  and  the  stopper  luted  to  it  with 
gatta  percha,  and  cemented  air-tight  in  its  place  with  caoutchouc  and  gutta- 
percha varnish.  The  funnel,  filled  with  perfectly  pure  hydrogen  fluoride, 
is  now  introduced  into  the  tubulure  of  the  stopper,  the  tap  opened,  and 
the  acid  allowed  to  run  down  into  the  retort.  This  acid  contains  about 
32  per  cent,  of  absolute  hydrogen  fluoride — that  is  to  say,  a  funnel  of  this 
reagent  contains  1*12  gramme  of  acid,  capable  of  rendering  gaseous  0*84 
gramme  of  silica,  and  of  neutralizing  0*95  gramme  of  ammonia.  The 
fimnel  is  now  replaced  by  a  little  platinum  stopper,  and  the  orifice  secured 
air-tight  with  gutta-percha  varnish.  Pure  hydrogen  is  then  allowed 
slowly  to  traverse  the  entire  apparatus,  the  retort  is  placed  in  a  water-bath 
at  lOO^C.  for  two  hours,  and  occasionally  slightly  shaken  to  set  the  ball 
rotating.  During  the  operation  a  trace  only  of  silicium  difluoride  passes  over. 

The  retort  is  next  transferred  to  a  paraflin-bath,  and  the  temperature  is 
cautiously  raised.  At  first  hydrogen  fluoride  passes  over,  and  at  this  point 
of  the  process  the  flow  of  hydrogen  requires  some  attention  to  prevent 
regurgitation  of  the  ammonia.  At  about  132°  C,  in  the  case  of  the  sili- 
cates mentioned  in  this  memoir,  the  silica  first  becomes  visible  in  fine  flocks 
in  the  ammonia  of  the  receiver,  and  in  another  minute  the  whole  is  cloudy. 

In  eight  minutes  the  rise  of  the  thermometer  to  145°  C.  has  brought 
over  so  much  difluoride  that  the  contents  of  the  tube  arc  semisolid,  and 
nearly  the  whole  of  it  has  passed  over.  The  temperature  is  then  raised  to 
150®  C,  and  the  retort  allowed  to  cool.  The  process  is  next  repeated  with 
a  fresh  charge  of  acid  and  ammonia.  If  no  more  than  0*2  gramme  of 
sflicate  be  taken,  twice  charging  of  the  retort  is  suflicient ;  but  with  0*5 
gramme  three  or  four  repetitions  of  the  process  are  required.  In  short, 
the  operation  is  continued  with  fresh  reagents  till  no  flock  of  silica  forms 
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in  the  receiTcr.  Finally,  0*75  cub.  centim.  of  salphuric  acid  is  introduced 
into  the  retort,  and  the  temperature  again  raised  to  160^0.,  the  stream  of 
hydrogen  being  continued  as  before. 

The  several  ammoniacal  charges  are  poured  into  a  platinum  dish,  together 
with  the  washings  of  the  delivery-tube  and  the  two  test-tubes,  and  slowly 
evaporated  in  a  water-bath,  with  continued  stirring. 

At  a  point  in  the  evaporation  just  before  the  solution  becomes  neutral 
and  tlie  ammonium  fluoride  begins  to  turn  acid,  the  entire  silica  in  the  dish 
will  have  been  dissolved  by  the  fluoride.  The  process  is  gradual,  but  the 
moment  when  the  solution  is  complete  is  easily  determined.  Then,  the 
dish  being  removed,  potassic  chloride  is  added  in  slight  excess,  together 
with  absolute  alcohol  equal  in  volume  to  the  contents  of  the  platinum 
vessel.  Potassium  fluosilicate  precipitates,  which,  after  the  lapse  of 
twenty-four  hours,  is  filtered,  washed  with  a  mixture  of  equal  volumes  of 
absolute  alcohol  and  water,  dried,  and  weighed.  The  results  are  accurate. 
In  the  retort  are  the  bases  in  the  form  of  sulphates,  the  treatment  of  which 
calls  for  no  further  remark. 

III.  The  Busti  Aerolite  of  1852. 

This  meteorite  fell  on  the  2nd  of  December,  1852,  about  six  miles 
south  of  Busti,  a  station  halfway  between  Goruckpoor  and  Fyzabad  in 
India,  and  nearly  in  lat.  26°  45'  N.  and  long.  82°  42'  E.  For  an  ac- 
count of  the  circumstances  attending  its  fall  I  am  indebted  to  Mr.  George 
Osborne,  at  that  time  resident  at  Busti,  and  who  presented  this  stone  (the 
only  specimen  of  the  fall  that  he  was  able  to  procure)  to  the  East  India 
Company.  Mr.  Osborne  states  that  the  fall  took  place  at  ten  minutes  past 
ten  in  the  morning,  and  was  attended  by  an  explosion  louder  than  a  thunder- 
clap, and  lasting  from  three  to  five  minutes.  At  Goruckpoor  the  report 
appeared  to  approach  in  a  direction  from  N.N.W. ;  at  Busti  the  sound 
seemed  to  come  from  the  zenith,  and  proceed  in  a  somewhat  easterly  course. 

The  explosion  that  shattered  the  meteorite  must  have  occurred  soon  after 
its  passing  the  longitude  of  Goruckpoor.  There  was  no  cloud  in  the  sky 
at  the  time.  The  stone,  which  weighed  about  3  lbs.,  was  presented  to  the 
collection  at  the  British  Museum  by  the  Secretary  of  State  for  India. 

The  Busti  aerolite  bears  a  great  resemblance  to  the  stone  that  fell  on 
the  25th  of  March,  1843,  at  Bishopsville,  South  Carolina,  U.S.  A  crust, 
coating  the  larger  part  of  the  stone,  was  of  a  dark  yellowish  brown,  with  a 
few  yellowish-white  porphyritic-looking  patches  at  it  flat  end,  whilst  a 
yellowish  enamel,  mingled  with  dark  grey,  covered  a  hollow  portion  on 
one  side  of  the  stone. 

It  is  difficult  to  refer  these  markings  to  the  minerals  underlying  them, 
a  similar  crust  covering  both  the  augite  and  enstatite  of  the  meteorite. 
They  are  probably  due  to  the  alterative  action  of  the  oxidized  products  of 
the  nickeliferous  iron  on  the  silicates  in  a  state  of  fusion  during  the  rapid 
passage  of  the  stone  through  the  atmosphere. 
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The  meteorite  consists  for  the  most  part  of  the  mineral  enstatite ;  at  one 
end,  however,  was  imbedded  a  number  of  small  chestnut- brown  spherules, 
in  which  again  a  lens  enabled  me  to  detect  minute  octahedral  crystals, 
having  the  lustre  and  colour  of  gold. 

These  two  minerals  seem  scarcely  to  have  been  affected  by  the  heat  that 
fused  the  silicates  which  surround  and  encrust  them. 

IV.  Sulphide  of  Oalcium  (Oldhamite). 

This  mineral  occurs  in  the  Busti  aerolite,  and  sparsely  in  that  which  fell 
at  Bishopsville,  imbedded  in  augite,  or  enstatite,  or  both  of  tbem.  It 
has  a  pale  chestnut-brown  colour,  and  forms  small,  nearly  round  spherules, 
whose  outer  surface  is  generally  coated  with  calcium  sulphate.  It  cleaves 
with  equal  facility  in  three  directions,  which  give  normal  angles,  averaging 
89**  57',  and  are  no  doubt  really  90°.  Its  system,  therefore,  is  cubic ; 
indeed  in  polarized  light  it  is  seen  to  be  devoid  of  double  refraction.  Its 
specific  gravity  is  2*58,  and  its  hardness  3*5  to  4.  With  boiling  water  it 
yields  calcium  polysulphides,  and  in  acids  it  easily  dissolves  with  evolu- 
tion of  hydrogen  sulphide.     Chemical  analyses  indicated  the  following  as 

its  composition : — 

I.  II. 

Oldham' te  /  ^^^^'^^  monosulphide 89*369  90*244 

\  Magnesium  monosulphide     3*246  3*264 

Gypsum 3*951  4*189 

Calcium  carbonate 3*434  

Troilite    2*303 

100-000         100-000 

The  presence  of  such  a  sulphide  in  a  meteorite  shows  that  the  condi- 
tions under  which  the  ingredients  of  the  rock  took  their  present  form  are 
nnlike  those  met  with  in  our  globe.  Water  and  oxygen  must  have  alike 
been  absent.  The  existence  of  iron  in  a  state  of  minute  division,  as  oflen 
found  in  meteorites,  leads  to  a  similar  conclusion.  But  if  we  bear  in  mind 
the  conditions  necessary  for  the  formation  of  pure  calcium  sulphide,  the 
evidence  imported  into  this  inquiry  by  the  Busti  aerolite  seems  further 
to  point  to  the  presence  of  a  reducing  agent  during  the  formation  of  its 
constituent  minerals;  whilst  the  crystalline  structure  of  the  Oldhamite 
and  of  the  Osbornite  must  certainly  have  been  the  result  of  fusion  at  an 
enormous  temperature.  The  detection  of  hydrogen  in  meteoric  iron  by 
Professor  Graham  tends  to  confirm  the  probability  of  the  presence  of  such 
a  reducing  agent. 

V.  Osbornite, 

The  golden-yellow  microscopic  octahedra  imbedded  in  the  Oldhamite 
were  furnished  by  the  analyses  of  that  mineral  to  the  amount  of  only 
0'0028  gramme,  and  though  upwards  of  150  in  number,  were  capable  of 
oeing  measured  by  the  goniometer. 

This  microscopic  mineral  I  wish  to  name  Osbomitei  in  honour  of  Mr. 
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Osborne  and  in  commemoration  of  the  important  service  that  gentleman 
rendered  to  science  in  preserving  and  transmitting  to  London  in  its  entirety 
the  stone  which  his  zeal  saved  at  the  time  of  its  fall. 

That  the  octahedra  of  Osbornite  are  regalar  was  proved  by  angles  of 
even  such  microscopic  crystals  giving  measurements  over  the  edges  and 
solid  angles  that  accorded  within  3'  with  those  of  the  r^ular  octahedron. 

The  crystals  are  brittle,  and  their  powder  retains  the  beautiful  yellow 
colour  of  the  surface,  which  is  therefore  intrinsic,  and  not  a  tarnish. 
The  amount  of  them  available  for  analysis  being  so  minute,  their  chemical 
examination  was  attended  with  much  difficulty.  Boiled  for  a  long  time  in 
the  strongest  hydrogen  chloride,  they  were  unchanged,  and  hydrogen 
fluoride  was  apparently  without  action  on  them.  They  passed  unscathed 
through  a  fusion  with  potassio-sodium  carbonate.  When  heated  on  a 
splinter  of  porcelain  in  a  current  of  dry  chlorine,  the  crystals  glowed  for  a 
few  seconds,  lost  their  metallic  lustre,  and  became  of  a  honey-yellow 
colour,  while  a  white  sublimate  formed  on  the  walls  of  the  tube.  Exposed 
to  the  air,  the  altered  crystals  deliquesced,  and  assumed  a  pasty  consist- 
ence; in  water  they  dissolved  partially,  forming  an  alkaline  solution,  in 
which  ammonium  oxalate  produced  a  precipitate.  The  insoluble  portion 
was  taken  up  for  the  most  part  by  hydrogen  chloride,  and  its  solution  gave 
a  decided  precipitate  with  the  above  reagent.  The  water  through  which 
the  chlorine  was  allowed  to  escape,  and  the  sublimate  in  the  tube,  after 
treatment  with  hydrogen  chloride,  were  taken  together,  and  found,  on 
examination,  to  give  a  white  precipitate  with  barium  chloride,  the  filtrate 
from  which,  after  the  excess  of  barium  had  been  removed,  furnished  with 
ammonia  a  precipitate  resembling  alumina,  which,  however,  was  insoluble 
in  potash,  and  was  thrown  down  from  slightly  acid  solutions  with  sodium 
hyposulphite,  and  potassium  sulphate.  It  was  examined  for  titanic  acid 
by  means  of  magnesium  wire  in  a  slightly  acid  solution,  but  with  a  nega- 
tive result.  The  only  alternative  left  was  to  conclude  that  the  substance 
which  exhibited  this  deportment  was  either  titanium  or  zirconium,  and 
that  the  gold-like  crystals  were  a  combination  of  this  element  with  calcium 
(perhaps  a  little  iron)  and  sulphur  in  some  remarkably  stable  form.  That 
this  mineral  should  be  a  compound  of  the  sulphides  of  these  metals  merely 
is  scarcely  conceivable  when  its  power  to  withstand  the  action  of  acids  is 
considered;  possibly  its  composition,  if  it  could  be  quantitatively  ana- 
lyzed, would  be  found  to  be  that  of  a  compound  of  titanium  or  zirconium 
and  calcium  of  the  obscure  kind  that  is  known  as  an  oxysulphide. 

Mr.  Sorby,  who  has  made  the  zirconium  and  titanium  group  of  metals 
the  subject  of  special  study,  formed  a  microscopic  borax  bead,  into  which 
he  introduced  some  of  the  oxide  obtained  from  the  Osbornite.  He  found 
it  to  behave  as  titanic  acid. 

The  occurrence  of  Osbornite  occasionally  in  the  augite  presently  to  be 
described,  and  the  fact  of  the  latter  mineral  lying  chiefly  in  that  part  of  the 
meteroite  where  the  Osbornite  is  found,  suggested  the  possibility  of  the 
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presence  of  this  metal  of  the  zirconiiini  grouj)  in  tlie  augite  itself, — an 
assumption  confirmed  by  experiment.  The  dichroism  of  this  augite  is 
strongly  marked,  especially  through  the  face  010,  which  in  one  position 
exhibits  a  tint  resembling  that  of  the  blue  anatase  of  Brazil,  due  apparently 
to  minute  scales  permeating  the  crystal,  and  visible  only  in  the  microscope. 
These  scales  may  possibly  be  the  Osbomite  sufficiently  thin  to  be  trans- 
parent, and  may  be  the  cause  of  the  beautiful  golden  metallic  reflection 
which  characterizes  the  face  1  0  0  of  the  augite. 

VI.  The  Augitic  Constituent  of  the  Buati  Jdrolite, 

Associated  with  the  spherules  of  Oldhamite  that  have  been  described  as 
occarring  in  a  nodule  of  this  aerolite,  and  less  plentifully  distributed 
through  the  rest  of  its  mass,  is  the  silicate  already  alluded  to  as  a  variety 
of  augite,  and  as  containing  traces  of  titanium  or  zirconium  oxide.  This 
silicate  occurs  in  crystalline  grains  of  a  pale  violet-grey  colour,  intimately 
mixed  with  another  silicate  presently  to  be  described.  When  isolated^ 
these  grains  present  a  few  crystal  faces,  among  which  one  as  a  cleavage- 
plane  is  prominent.  ^So  imperfect  are  the  rest,  that  they  furnished  reli- 
able measurements  only  with  extreme  difficulty.  These  determinations, 
however,  together  with  its  optical  characters,  proved  that  the  mineral 
belongs  to  the  oblique  system.  The  measurements  gave  the  following 
approximate  values : — 

Angles  found.  Angles  of  diopside. 

001  100  About  75°  30'  73^59' 

0  0  1  >  1  1 0  About  81°  .     79°  29'    . 
110             10  0              45°  54'  to  47°  26'  46°  27' 
110             110               85°    8'  to  86°  20'  87°    5' 
100            J  1  I  (0          53°  25'  to  54°  15'  53°  50' 

001  110  100°    8'  100°  57' 

The  plane  containing  the  optic  axis  is  perpendicular  to  the  edge  10  0, 
10  0,  and  the  optical  character  in  the  centre  of  the  field  is  negative  on 
looking  down  the  second  mean  line,  which  makes  angles  about  22°  45' 
and  52°  30'  with  the  normals  to  the  faces  0  01  and  10  0  respectively. 

Two  analyses  of  this  mineral  by  the  method  described  gave  the  follow- 
ing results : — 

I.  II.          Mean  oxygen  ratios. 

Silicic  add 55-389  55-594            29-928 

Magnesia     23-621  23036              9-331 

lime   20-02  19-942               5-709 

Iron  oxide 0-78  0309 

Soda    0-554  [0-554] 

Lithia trace  [trace] 

100-364  99-435 
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Viewed  as  a  magnesium  calcium  silicate,  the  percentage  oompositioii 
becomes — 

Silicic  acid 56165  56-604 

Magnesia    23-612  23-585 

Lime 20223  19811 

100000  100000 

The  second  column  gives  the  percentage  composition  according  witb 

the  formula 

(I  Mg,  g  Ca)  O,  SiO,. 

Such  a  formula  does  not  accord  with  those  of  the  ordinary  Tarieties  of 
augite,  in  which  calcium  is  usually  present  in  at  least  as  high  a  ratio  in 
equivalents  as  the  magnesium.  A  deduction,  however,  of  a  certain  amount 
of  purely  magnesian  enstatite  corresponding  in  chemical  type  to  the  augite 
has  to  be  made  by  reason  of  the  presence  of  the  white  mineral  intercalated 
in  layers  along  a  direction  parallel  to  the  plane  0  01,  and  sometimes  to  a 
second  plane.  This  white  mineral  is,  there  can  be  no  doubt,  the  mineral 
next  to  be  described,  and  its  presence  would  modify  the  apparent  formula 
of  the  augite  as  derived  from  analysis,  increasing  th^  magnesia. 

The  trace  of  the  titanoid  element  in  this  mineral  is  included  with  the  iron 
oxide  in  the  above  analyses. 

VII.  On  the  Occurrence  of  Enstatite  in  the  Busti  Aerolite, 

Besides  the  augite  already  described  there  occurs  in  this  meteorite  an- 
other silicate  which  constitutes  its  most  important  ingredient.  The  aagite 
is  chiefly  found  in  the  nodule  with  the  calcium  sulphide,  and  is  found  more 
sparsely  in  the  remaining  parts.  Associated  with  it  throughout,  and  other- 
wise forming  the  chief  mass  of  the  stone,  is  a  mineral  which,  in  microscopic 
sections,  presents  the  appearance  of  a  number  of  more  or  less  fissured  crys- 
tals of  varying  transparency,  some  clear,  some  nearly  opaque,  and  usually 
presenting  a  not  very  unsymmetrical  polygonal  outline.  Those  crystals 
are  imbedded  in  a  magma  of  fine-grained  silicate,  itself  often  entangled  in 
an  irregular  meshwork  of  opaque  white  mineral.  Amongst  these  ingre- 
dients, when  mechanically  separated,  what  seems  to  be  three  different 
minerals  can  be  distinguished.  The  rarest  of  them  is  transparent  and 
colourless,  and  very  irregular  in  the  form  of  its  fragments ;  a  second  is  of  a 
greyish-white  colour,  translucent,  and  offering  an  even  less  hopeful  pro- 
blem to  the  crystallographer  than  that  presented  by  the  first.  The  third 
is  an  opaque  mineral  with  a  distinct  cleavage  following  the  faces  of  a  prism 
of  about  ?^-^,  and  with  a  second  imperfect  cleavage  perpendicular  to  the 

former.     From  a  few  fragments  of  the  two  former  kinds  some  measure- 
ments were  obtained,  which  conduct  to  the  conclusion  that,  like  the  last- 
mentioned  silicate,  these  minerals  are  enstatite.     The  angles  1  0  0,  1  1  0  are 
4G°25',  and  1  0  0,  1  0  1,  41^34'. 
Chemical  analysis  confirmed  the  identity  of  these  three  minerals  by 
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showing  them  to  be  enstatite  under  different  aspects.  When  lime  is  ab- 
sent it  presents  itself  as  a  simply  prismatic  mineral,  the  dark-grey  tabular 
Tarietj.  When  lime  is  present,  though  to  an  amount  less  than  two  per 
cent.,  the  crystalline  structure  becomes  more  complex.  The  augite  may 
perhaps  be  tessellated,  as  it  were,  in  the  enstatite,  somewhat  as  this  latter 
mineral  has  been  shown  to  occur  intercalated  to  a  small  amount  in  layers 
of  augite.  I  did  not  succeed  in  establishing  this  point,  however,  by  an 
examination  of  microscopic  sections  of  this  mineral. 

The  crystalline  fragments  frequently  show,  when  examined  by  polarized 
light,  a  composite  structure,  the  principal  sections  of  the  different  parts  of 
the  mineral  being  disposed  at  every  angle  of  mutual  inclination. 

The  analysis  of  these  minerals  yielded  the  following  numbers  : — 


Dark  Ghrey  ^ 

Fabalar  Variety. 

Transparent 

Per- 
centages. 

58-437 

White  Variety 

A 

Silicic  acid. .  . . 

Per- 
centages. 

57-597 

Oxygen 

ratios. 

30-718 

Oxygen 

ratios. 

31-16G 

Magnesia 

Lime 

40-64 

16-238 

38-942 
1-677 

15-564 
0-479 

Iron  oxide .... 

1-438 

M77 

Potash 

0-394 

0-332 

Soda 

0-906 

0-357 

100-975 


100-922 


Semitransparent  Oroy  Variety. 

, " ^ 

Per-         Oxygen  Per-  Oxygen  Per-  Oxygen 

centages.       ratios.         centages,        ratios.  centAgcs.        ratios. 

I.  II.  III. 

SOicic  acid. .  57-037  30419       57961  30912      57-754       30802 

Magnesia  t. .  40-574  16*117      39026  15598      38397       15*247 

Lime 2*294  0655         1*524  0-435         2-3/6         0678 

Iron  oxide..    0*867  0154  0423 

Potash 0-569  0569 

Soda 0-68  0657 

Lithia 0016 

100-772  99-914  100-192 

As  in  the  case  of  the  augite,  the  soda  is  probably  derived  from  the  hy- 
drogen chloride;  the  iron  occurs  partly  as  metal,  minutely  subdivided, 
partly  as  oxide  combined  with  the  magnesium  silicate.  In  each  case  the 
bases  slightly  exceed  the  amount  required  by  the  formula  of  enstatite.  On 
comparing  these  with  known  analyses,  and  those  which  I  shall  shortly  sub- 
mit to  the  Society,  it  seems  highly  probable  that,  where  the  conditions 
under  which  a  meteoric  silicate  has  been  formed  were  such  that  silicic  acid 
was  present  in  excess  of  that  required  by  the  formula  of  enstatite,  this  acid 
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remains  uncombined  in  the  form  of  crystallized  silica  with  the  specifie 
gravity  of  a  fused  quartz,  and«that  where  magnesia  and  other  bases  are  in 
excess,  a  basic  silicate  with  the  formula  of  olivine  absorbs  the  supplementaiy 
portion  of  these  bases.  Calcium,  when  present,  would  convert  into  au^te 
its  equivalent  ratio  of  what  would  otherwise  constitute  enstatite,  and  it  is 
possible  that  this  is  true  even  when  this  element  is  distributed  in  small 
quantities  throughout  the  mass. 

No  alumina,  and  consequently  no  feldspathic  ingredient,  has  been  de- 
tected in  this  meteorite. 

VIII .  Composition  of  the  entire  Meteorite. 
With  the  view  of  determining  the  different  ingredient  minerals  present 
in  the  Busti  meteorite,  fragments  and  dust  from  the  neighbourhood  of  the 
nodule  of  sulphide  and  augite  were  analyzed.  The  mineral  was  treated 
vnth  hydrogen  chloride,  carbon  disulphide,  and  potash,  which  removed 
lG'87d  per  cent.,  leaving  a  residue  of  83*127  per  cent. ;  the  composition 
of  these  two  portions,  soluble  and  insoluble,  is  given  below : — 

Soluble  portion.  Insoluble  portion. 

^ '' — :: — ^       f '^ — 7Z — ^ 

Per-  Oxygen  Per-  Oxygen 

ceutages.  ratios.  centages.  ratioiw 

Calcium  sulphate. . . .  0*442 

Calcium  sulphide. ...  4-133 

Iron  oxide 0*194             0*891 

Silicic  acid 6*514  3*474          46*357          24*727 

Lime 0022  0*006           12*375             3*535 

Magnesia 5*055  2*02             23*266             9*^9 

Potash 0099  0*14 

Soda 0*118  0*455 

Lithia 0*019 

16*577  83*503 

The  ratio  of  the  silicic  acid  to  the  magnesia  and  lime  in  the  latter 
analysis  corresponds  with  the  composition  (|  Mg  j  Ca)0,  SiO,.  Regarding 
the  calcium  of  the  white  and  grey  varieties  of  enstatite  to  be  present  as 
angite  intercalated  with  the  enstatite,  we  may  assert  that  while  all  the 
silicates  of  this  meteorite  present  the  typical  formula  MO,  SiO,,  three 
equivalents  of  the  rock  near  the  nodule  may  be  treated  as  composed  of  two 
equivalents  of  augite  and  one  of  enstatite  ;  in  other  parts  of  the  stone  the 
latter  mineral  predominates. 

A  formula  for  the  augite  with  magnesium  and  calcium  in  equal  pro- 
portions would  no  doubt  more  truly  represent  its  composition ;  it  is,  how- 
ever, as  impossible  to  separate  the  enstatite  intercalated  with  it  as  it  is  to 
remove  this  mineral  when  blended  with  the  enstatite. 

IX.  Solubility  of  the  Minerals  of  the  Busti  Meteorite, 
As  it  appears  of  importance  to  determine  the  degree  to  which  these 
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meteoric  minerals  were  soluble  in  acid,  the  augite  and  enstatite  were  sub« 
mitted  to  this  solvent  action.  Digested  for  several  hours  at  100°  C.  in 
hydrogen  chloride  diluted  with  half  its  volume  of  water,  and  subsequently 
in  potash  for  some  hours  to  remove  the  free  silica,  the  augite  and  each 
of  the  three  forms  of  enstatite  proved  to  be  acted  upon,  the  results  in  all 
cases  showing  that  the  acid  simply  exercises  a  solvent  action  on  the  mineral, 
without  separating  it  into  two  or  more  distinct  silicates. 

The  subjoined  Table  gives  the  results  of  the  experiments.  The  degree 
in  which  the  acid  dissolved  the  mineral  was  due  to  the  more  or  less  com- 
plete trituration  of  the  material  before  treatment.  In  one  case,  for  which 
the  transparent  variety  was  selected,  a  repetition  of  the  process  three  times 
gave  results  that  left  no  doubt  as  to  the  nature  of  the  action  of  the  acid. 

Of  the  greyish-white  variety  of  enstatite,  after  treatment  for  20  hours 
with  acid  and  12  hours  with  potash,  9 '4 14  per  cent,  dissolved,  an  analysis 
of  which  is  given  in  column  I. 

Of  the  grey  tubular  variety  of  enstatite,  after  treatment  with  acid  for 
16  hours  and  with  potash  for  a  similar  time,  7*779  per  cent,  dissolved, 
that  gave  on  analysis  numbers  the  approximate  value  of  which  is  found  in 
column  II. 

Of  the  white  variety,  after  tlie  first  treatment  for  20  hours  with  acid 
and  subsequently  with  potash,  12*68  per  cent,  dissolved,  the  composition 
of  which  is  given  in  column  III.  By  a  second  treatment  of  the  residual 
enstatite  from  this  experiment,  after  2  hours'  trituration  with  acid  for  30 
hours  and  potash  for  12  hours,  67*84  per  cent,  dissolved;  and  on  sub- 
jecting the  mineral  to  a  third  treatment  in  a  similar  way,  51*18  per  cent. 
were  dissolved  in  acid  and  potash.  In  the  last  of  these  experiments  the 
ratio  of  the  silica  to  the  bases,  neglecting  the  small  amount  of  the  former 
dissolved  in  the  acid,  is  as  58*4  to  42*0,  that  of  an  analysis  of  an  enstatite 
being  as  58*4  to  41*6. 

The  solubility  of  the  augite  was  determined  by  subjecting  it  to  similar 
treatment  with  acid  during  18  hours,  and  with  potash  for  a  like  time,  these 
reagents  removing  7*384  per  cent,  of  the  mineral. 

I.  II.  in. 

SiHcicacid 5*408  5*141  6*724 

Magnesia 2*367  1*353  4*61 

Lime 1*048  027  0*432 

Iron  oxide,  &c 0187  0-676  0576 

Potash    0121  0*528  0*f04 

Idthia trace  trace 

9131  7*968  12*846 

Soda  found [0*126]  [1*217]  [1042] 

X.  The  Iron  of  the  Buati  Meteorite, 
A  small  pepita  of  the  iron  contained  in  the  meteorite  was  analyzed. 
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Oznitting  the  silicate  attached  to  the  iron,  the  results  of  the  analyns  were  ts 
follow : — 

Iron-nickel  alloy 98*798 

Iron 94-949 

Nickel 3-849 

Schreibersite 1-202 

Iron 0-884 

Nickel 0-234 

Phosphorus 0084 

100000 

The  quantity  was  far  too  small  to  encourage  a  search  for  cohalt  and 
other  metals. 

Besides  the  nickeliferous  iron,  which  is  disseminated  very  sparsely,  and 
in  particles  singularly  unequal  in  size  and  distribution,  and  with  which 
troilite  is  associated  in  very  small  quantity,  chromite  is  present  as  a  con- 
stituent of  small  but  appreciable  amount.  The  crystals  of  this  mineral  are 
distinct  and  brilliant,  and  sometimes  present  good  angles  for  measurement. 
One  gave  the  solid  angle  of  a  regular  octahedron. 

The  Manegaum  Meteorite  of  IS43. 

This  meteorite  fell  at  Manegaum  in  Khandeish,  India,  on  the  26th 
July,  1843.  Only  a  small  fragment  was  preserved,  and  of  this  a  portion 
was  given  by  the  Asiatic  Society  of  Bengal  to  the  British  Museum  in  1862. 
In  1863  I  described  its  appearance  as  seen  in  section  in  the  microscope, 
and  gave  the  particulars  of  its  fall  (Phil.  Mag.  August  1863). 

From  the  minuteness  of  the  specimen  I  had  very  little  material  to  work 
upon.  One  mineral  is  conspicuous  in  the  stone,  namely,  a  primrose- 
coloured  transparent  crystalline  silicate  in  small  grains,  loosely  cemented 
by  a  white  flocculent  mineral.  This  greenish-yellow  mineral  (I.)  and  a 
fragment  of  the  entire  meteorite  (II.)  were  analyzed,  and  crystalline  grains 
of  the  former  were  measured  on  the  goniometer.     The  prism  angles  (1) 

for  the  prism  {110}  were  about  |^o>  and  (2)  for  the  prism  {101}  were  ^^ 

for  {100,  1  10}  about  46°;  for  {100,  101},  49°  4';  andfor{110,  101} 
58°  39'. 

The  analyses  gave  the  following  numbers : — 


I. 


Oxygen  jj  Oxygen 

ratios.  *  ratios. 

Silicic  acid 55699            29-706                53-629             28-602 

Magnesia 22-799 

Iron  oxide 20541  J.          14-059                 20476  V          14305 

Lime 1*316 

Chromite 


100-355  99-949 
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The  specific  gniyity  of  the  granular  mineral  is  3*198,  and  its  hardness 
5-5. 

The  result  of  the  above  analyses  is  to  show  that,  except  for  a  little 
chromite  and  a  little  angite,  with  possibly  in  the  crystallized  mineral  a 
little  free  silica,  both  that  mineral  and  the  collective  silicate  of  the  stone 
consist  of  a  ferriferous  enstatite. 

The  formula  most  in  accordance  with  the  analysis  would  be 

(|MgiFe)0,SiO,; 
that  of  the  enstatite  in  the  fireitenbach  meteorite  is  (J  Mg|  Fe)0,  SiOj. 

The  bulk  of  the  Busti  meteorite  consists  of  a  purely  magnesian  enstatite; 
this  of  Manegaum  is  almost  entirely  an  enstatite  richer  in  iron  than  any 
yet  examined.  Both  bear  evidence  to  the  white  flocculent  mineral  which 
characterizes  the  microscopic  sections  of  many  meteorites,  being  composed 
of  this  now  important  mineral  enstatite. 


In  publishing  the  results  I  have  obtained  in  the  attempt,  so  far  as  this 
memoir  goes,  to  treat  exhaustively  of  the  mineralogy  of  two  important  me- 
teorites, I  wish  to  record  the  obligations  I  am  under  to  Dr.  Flight,  Assis- 
tant in  my  Department  at  the  British  Museum,  for  his  valuable  aid  in  the 
chemical  portion  of  the  inquiry. 

II.  "  On  Fluoride  of  SUvcr.— Part  I.     By  George  Gore,  F.R.S. 

Received  October  5,  1869. 

(Abstract.) 

This  comnrtinication  treats  of  the  formation,  preparation,  analysis,  com- 
position, common  physical  properties,  and  chemical  behaviour  of  fluoride 
of  silver. 

The  salt  was  prepared  by  treating  pure  silver  carbonate  with  an  excess 
of  pure  aqueous  hydrofluoric  acid  in  a  platinum  dish,  and  evaporating  to 
dryness,  with  certain  precautions.  The  salt  thus  obtained  invariably  con- 
tains a  small  amount  of  free  metallic  silver,  and  generally  also  traces  of 
water  and  of  hydrofluoric  acid,  unless  special  precautions  mentioned  are 
observed.  It  was  analyzed  by  various  methods :  the  best  method  of  deter- 
mining the  amount  of  fluorine  in  it  consisted  in  evaporating  to  dryness  a 
mixture  of  a  known  weight  of  the  salt  dissolved  in  water,  with  a  slight 
excess  of  pure  and  perfectly  caustic  lime  in  a  platinum  bottle,  and  gently 
igniting  the  residue  at  an  incipient  red  heat  until  it  ceased  to  lose  weight. 
By  taking  proper  care,  the  results  obtained  are  accurate.  The  reaction 
in  this  method  of  analysis  takes  place  according  to  the  following  equation, 
2AgF-hCaO=CaFj,-h2Ag-|-0.  Sixteen  parts  of  oxygen  expelled  equal 
thirty-eight  parts  of  fluorine  present.  One  of  the  methods  employed  for 
determining  the  amount  of  silver  consisted  in  passing  dry  ammonia  over 
the  salt  in  a  platinum  boat  and  tube  at  a  low  red  heat.     The  results  ob- 
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tained  in  the  yarious  analyses  establish  the  fact  that  pure  flaoride  of 
silver  consists  of  19  parts  of  fluorine  and  108  of  silver. 

Argentic  fluoride  is  usually  in  the  form  of  yellowish  brown  earthy  frag- 
ments ;  but  when  rendered  perfectly  anhydrous  by  fusion,  it  is  a  black 
horny  mass,  with  a  superficial  satin  lustre,  due  to  particles  of  free  silver.  It 
is  extremely  deliquescent  and  soluble  in  water ;  one  part  of  the  salt  dis- 
solves in  -55  part  by  weight  of  water  at  15°*5  C. ;  it  evolves  heat  in  dis- 
solving, and  forms  a  strongly  alkaline  solution.  It  is  nearly  insoluble  in 
absolute  alcohol.  The  specific  gravity  of  the  earthy-brown  salt  is  5*852 
at  15°'5  C. ;  the  specific  gravity  of  its  aqueous  solution,  at  15°*5  C,  sata- 
rated  at  that  temperature,  is  2'Gl.  By  chilling  the  saturated  solution,  it 
exhibited  the  phenomenon  of  supersaturation  and  suddenly  solidified,  with 
evolution  of  heat,  on  immersing  a  platinum  plate  in  it.  The  solution  is 
capable  of  being  crystallized,  and  yields  crystals  of  a  hydrated  salt ;  the 
act  of  crystallization  is  attended  by  the  singular  phenomenon  of  the  remain- 
der of  the  salt  separating  in  the  anhydrous  and  apparently  non-crystallioe 
state,  the  hydrated  salt  taking  to  itself  the  whole  of  the  water.  The  fused 
salt,  after  slow  and  undisturbed  cooling,  exhibits  crystalline  markings  upon 
its  surface. 

The  dry  salt  is  not  decomposed  by  sunlight ;  it  melts  below  a  visible 

red  heat,  and  forms  a  highly  lustrous,  mobile,  and  jet-black  liquid.  It  is 
not  decomposed  by  a  red  heat  alone  ;  but  in  the  state  of  semifusion,  or  of 
complete  fusion,  it  is  rapidly  decomposed  by  the  moisture  of  the  air  with 
separation  of  metallic  silver ;  dry  air  does  not  decompose  it.  In  the  fused 
state  it  slightly  corrodes  vessels  of  platinum,  and  much  more  freely  those 
of  silver. 

The  salt  in  a  state  of  fusion  with  platinum  electrodes  conducts  elec- 
tricity very  freely,  apparently  with  the  facility  of  a  metal,  and  without 
visible  evolution  of  gas  or  corrosion  of  the  anode ;  a  silver  anode  was 
rapidly  dissolved  by  it,  and  one  of  lignum-vitae  charcoal  was  gradually  cor- 
roded. A  saturated  aqueous  solution  of  the  salt  conducted  freely  with 
electrolysis,  crystals  of  silver  being  deposited  upon  the  cathode,  and  a 
black  crust  of  peroxide  of  silver  upon  the  anode ;  no  gas  was  evolvQ,d ; 
with  dilute  solutions  gas  was  evolved  from  the  anode.  By  electrolysis  of 
anhydrous  hydrofluoric  acid  with  silver  electrodes,  the  anode  was  rapidly 
corroded. 

The  electrical  order  of  substances  in  the  fused  salt  was  as  follows, 
the  first-named  being  the  most  positive  :  silver,  platinum,  charcoal  of  lig- 
num-vitae,  palladium,  gold.  In  a  dilute  aqueous  solution  of  the  salt,  the 
order  found  was :  aluminium,  magnesium,  silicon,  iridium,  rhodium,  and 
carbon  of  lignum-vitsB,  platinum,  silver,  palladium,  tellurium,  gold. 

The  chemical  behaviour  of  the  salt  was  also  investigated.  In  many 
cases  considerable  destruction  of  the  platinum  vessels  occurred,  either  in 
the  experiments  themselves,  or  in  the  processes  of  cleaning  the  vessels 
from  the  products  of  the  reactions. 


1870.]        On  the  Heating^Powera  of  Arcturus  and  a  lA/rm.  159 

Hydrogen  does  not  decompose  the  dry  salt,  even  with  the  aid  of  sun- 
light, nor  does  a  stream  of  that  gas  decompose  an  aqueous  solution  of  the 
salt,  hut  the  dry  salt  is  rapidly  and  perfectly  decomposed  by  that  gas  at  an 
incipient  red  heat,  its  metal  being  liberated. 

Nitrogen  has  no  chemical  effect  upon  the  salt,  even  at  a  red  heat,  nor 
upon  its  aqueous  solution.  Dry  ammonia  gas  is  copiously  absorbed  by  the 
dry  salt.  In  one  experiment  the  salt  absorbed  about  844  times  its  volume 
of  the  gas.  The  salt  in  a  fused  state  is  rapidly  and  perfectly  decomposed 
by  dry  ammonia  gas,  and  its  silver  set  free.  A  saturated  solution  of  the 
salt  is  abo  instantly  and  violently  decomposed  by  strong  aqueous  am- 
monia. 

Oxygen  has  no  effect  either  upon  the  dry  salt  at  1 5°  C,  or  at  a  red  heat, 
nor  upon  its  aqueous  solution.  Steam  perfectly  and  rapidly  decomposes 
the  salt  at  an  incipient  red  heat,  setting  free  all  its  silver.  No  chemical 
change  took  place  on  passing  either  of  the  oxides  of  nitrogen  over  the  salt 
in  a  state  of  fusion. 

By  passing  anhydrous  hydrofluoric  acid  vapour  over  perfectly  anhydrous 
and  previously  fused  fluoride  of  silver,  at  about  60°  Fahr.,  distinct  evidence 
of  the  existence  of  an  acid  salt  was  obtained.  This  acid  salt  is  decomposed 
by  a  slight  elevation  of  temperature. 

Numerous  experiments  were  made  to  ascertain  the  behaviour  of  argen- 
tic fluoride  in  a  state  of  fusion  with  chlorine,  and  great  difficulties  were 
encountered  in  consequence  of  the  extremely  corrosive  action  of  the  sub- 
stances when  brought  together  in  a  heated  state.  Vessels  of  glass,  plati- 
num, gold,  charcoal,  gas  carbon,  and  purified  graphite  were  employed*. 
By  heating  the  salt  in  chlorine,  contained  in  closed  vessels,  formed  partly 
of  glass  and  partly  of  platinum,  more  or  less  corrosion  of  the  glass  took 
place,  the  chlorine  united  with  the  platinum  and  fluoride  of  silver  to  form 
a3  double  salt,  and  a  vacuum  was  produced.  By  similarly  heating  it  in 
vessels  composed  wholly  of  platinum,  the  same  disappearance  of  chlorine, 
the  same  double  salt,  and  a  similar  vacuum  resulted.  Also,  by  heating  it 
in  vessels  composed  partly  of  gold,  an  analogous  double  salt,  the  same 
absorption  of  chlorine  and  production  of  rarefaction  were  produced.  And 
by  employing  vessels  partly  composed  of  purified  graphite,  a  new  com- 
pound of  fluorine  and  carbon  was  obtained. 

III.  "Approximate  determinations  of  the  Heating -Powers  of 
Arcturus  and  a  Lyrae.  By  E.  J.  Stone,  F.R.S.,  First  Assistant 
at  the  Royal  Observatory,  Greenwich.  Received  October 
13,  1869. 

About  twelve  months  ago  I  began  to  make  observations  upon  the  heating- 
power  of  the  stars.     My  first  arrangements  were  simply  these :  I  made 

*  In  the  next  communication  will  be  described  the  results  obtained  with  vessels 
formed  of  other  materials. 
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use  of  a  delicate  reflecting  astatic  galvanometer,  and  a  thermo-electric  pile 
of  nine  elements.  The  pile  was  screwed  into  the  tube  of  a  negative  eye- 
piece of  the  Greenwich  Great  Equatoreal,  from  which  the  eye^lensea  had 
been  removed. 

I  soon  convinced  myself  that  the  heat,  condensed  b j  the  object-glaas  of 
twelve  and  three-quarters  inches  upon  my  pile,  was  appreciable  in  the  caae 
of  several  of  the  brighter  stars  ;  but  the  endless  changes  in  the  zero-point 
of  the  galvaiiometer-needle,  and  the  magnitude  of  these  changes,  compared 
with  those  arising  from  the  heating- power  of  the  stars,  prevented  me  from 
making  any  attempts  to  estimate  the  absolute  magnitude  of  the  effects 
produced.  Every  change  in  the  state  of  the  sky,  every  formation  or  dis- 
sipation of  cloud,  completely  drove  the  needle  to  the  stops. 

At  the  February  Meeting  of  the  Royal  Astronomical  Society  I  first 
became  aware  of  what  Mr.  Huggins  had  done  upon  this  question.  His 
arrangements,  however,  did  not  appear  to  me  to  meet  the  difficulties  which 
I  had  encountered.  After  some  trials,  I  arranged  my  apparatus  as  follows, 
and  with  its  present  form  I  am  satbfied* 


0& 


^^}^^^^'^^4' 


iffirs 


GaJva. 


'  a  and  /3  are  two  pairs  of  plates  of  antimony  and  bismuth.  The  areas 
are  about  (0*075)^  inches,  and  their  distance  is  about  0*25  inch. 

The  poles  are  joined  over  in  opposite  directions  to  the  terminals  of  the 
pile  and  galvanometer.  The  whole  pile  is  screwed  into  a  tube  of  one  of 
the  negative  eyepieces  of  the  great  equatoreal.  This  completely  shuts  the 
pile  up  in  the  telescope-tube.  A  thick  flannel  bag  is  then  wrapped  over 
the  eyepiece  and  terminals.  The  bag  is  prevented  from  actually  touching 
the  case  of  the  pile,  and  is  useful  in  preventing  the  irregular  action  of 
draughts  upon  the  case  of  the  pile  and  terminals.  The  wires  are  led  from 
the  terminals  of  the  pile  to  the  observatory  library,  where  I  have  placed 
the  reflecting  galvanometer.  This  separation  of  the  galvanometer  from 
the  telescope  is  most  inconvenient,  but  it  was  absolutely  necessary  on 
account  of  the  large  moving  masses  of  iron  in  the  observing-room. 

The  two  faces  a  and  /3  of  the  pile  are  so  nearly  alike,  that  the  resultant 
current  generated  by  any  equal  heating  of  them  is  exceedingly  feeble. 

The  telescope  is  first  directed  so  that  the  star  falls  between  the  faces  a 
and  /3,  and  allowed  to  remain  thus  until  the  needle  is  nearly  steady  at  the 


zero. 


The  star  is  then  placed  alternately  upon  the  faces  a  and  /3,  and  the 
corresponding  readings  of  the  galvanometer  taken  as  soon  as  the  needle 
appears  to  have  taken  up  its  position,  which  usually  takes  place  in  about 
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ten  miniites.  In  order  to  avoid  changes  of  zero,  I  have  always  reduced 
those  readings  by  comparing  a  reading  with  star  on  face  a  with  the  mean  of 
two  readings  with  star  on  /3»  taken  before  and  after  the  reading  with  star 
on  a,  or  vice  versd. 

With  this  precaution  I  have  never  met  with  any  anomalous  results, 
although  in  making  the  observations  I  have  usually  joined  over  the  ter- 
minals, without  knowing  the  direction  for  heat,  and  hare  left  this  unde- 
termined until  the  completion  of  the  observations.  I  mention  this  because 
the  differences  in  the  readings  for  star  on  a  and  star  on  /3  in  the  state  in 
which  I  use  my  galvanometer  are  small. 

On  many  nights,  when  very  slight  appearances  of  cloud  prevailed,  I  have 
not  been  able  to  make  any  satisfactory  observations  at  all. 

The  number  of  divisions  over  which  the  spot  of  light  travels  on  the 
galvanometer-scale  for  a  given  difference  of  temperature  of  the  faces  a  and 
/3  is  of  course  dependent  upon  many  circumstances,  and  especially  upon 
the  position  of  the  sensitiveness-regulation  magnet  of  the  galvanometer. 

I  have  thought  it  useless,  therefore,  to  publish  any  results  unless  obtained 
upon  nights  when  the  state  of  the  galvanometer  was  eliminated  by  re- 
ferring to  an  independent  source  of  heat.  The  way  in  which  this  has 
been  attempted  is  as  follows : — 

After  obtaining  the  differences  in  the  position  of  the  spot  of  light  on 
galvanometer-scale  for  star  on  a  and  star  on  /3, 1  remove  the  pile  from  the 
telescope,  leaving  all  its  galvanic  connexions  untouched,  and  mount  the 
pile  so  that  of  the  two  halves  of  the  face  of  a  Leslie's  cube,  containing  boiling 
water,  each  radiates  heat  upon  one  face,  a  or  /3  of  the  pile,  placed  at  a 
known  distance  of  about  twenty  inches  from  the  cube.  After  some  time 
the  deflection  of  the  needle  will  fall  neariy  to  zero,  and  become  steady 
enough  for  observation.  A  piece  of  glass,  6,  is  then  placed  to  intercept 
from  /3  a  portion  of  the  heat  radiating  from  one  half  of  the  face  of  the 
cube,  and  when  the  needle  has  taken  up  its  position,  the  reading  is  taken. 
Next  the  glass  6  is  placed  to  intercept  a  portion  of  the  heat  from  the 
face  a,  and  the  galvanometer-reading  taken,  as  before,  as  soon  as  the 
needle  has  assumed  its  position  of  rest. 

If,  then,  0  is  the  mean  difference  of  readings  for  star  on  face  a  and  face 
/3,  ^  the  mean  difference  for  glass  before  /3  and  a,  C  the  heating-power  of 
each  half  of  the  cube  at  its  distance  from  the  faces  of  the  pile,  and  p  the 
measure  of  the  absorption  of  the  piece  of  glass  6,  then  the  heating-power 
of  star 

9 

The  quantity  p  has  been  determined  by  merely  comparing  the  readings 
of  the  galvanometer,  obtained  by  cutting  off  the  whole  heat  from  one -half 
of  the  cube,  with  that  obtained  by  intercepting  a  portion  of  this  heat  by  the 
glass  G.     A  considerable  number  of  accordant  results  gave  p= 0*725. 

To  determine  the  quantity  C,  I  have  proceeded  as  follows  : — 
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Ist.  I  have  placed  two  very  delicate  thermometers,  one  in  contact  with 
each  face  a  and  /3  of  the  pile,  along  the  lines  of  junction  of  the  plates. 
The  thermometers  were  separated  from  each  other,  and  the  direct  radiation 
of  one  on  the  other  preyented  by  the  interposition  of  a  piece  of  blackened 
card.  The  two  thermometers,  with  faces  of  pile  in  contact,  were  then  ex- 
posed  to  the  radiation  of  the  halves  of  the  face  of  the  cube  containing  the 
boiling  water.  A  third  delicate  thermometer  was  read  for  regbtration  of 
any  change  in  the  temperature  of  the  surrounding  air.  This  thermometer 
was  protected  from  the  direct  radiation  from  the  cube.  The  pile,  with 
thermometers  in  contact,  was  then  placed  at  different  distances  from  the 
cube  and  the  thermometer-readings  taken.  I  have  usually  taken  readings 
at  three  distances,  one  at  about  23 '5  inches,  another  at  11*9  inches, 
another  at  2*5  inches.  From  a  comparison  of  these  readings  with  thoae 
taken  before  the  heat  from  the  cube  fell  upon  the  thermometers,  I  infer 
the  heating-power  of  each  half  of  the  cube  upon  the  thermometers,  with 
faces  of  pile  in  contact.  Calling  this  quantity  for  one  inch  of  distance 
H',  I  find  for  my  cube  in  its  present  state,  with  slightly  laquered  face, 
H'=rl30°F. 

2nd.  If  H  denote  the  corresponding  heating-power  of  each  half  of  the 
cube  upon  the  faces  of  the  pile  a  and  /3,  I  have  found  the  ratio  H  :  H'  as 
follows  : — 

The  thermometers  being  placed  in  contact  with  the  faces  of  the  pile,  and 
the  galvanic  connexions  made,  we  may  be  certain  that  the  temperature  of 
the  thermometers  has  been  imparted  to  the  faces  of  the  pile  when  the 
needle  is  steady,  provided  that  the  current  be  carried  from  the  thermo- 
meters without  loss  in  the  nature  of  increased  resistance.  I  have  there- 
fore compared  the  deviations  produced  by  glass  6  before  the  faces  /3  and  a 
with  the  thermometers  in  contact  and  without  thermometers  in  contact 
with  two  different  amounts  of  resistance  in  circuit.  Such  observations 
have  been  considered  satisfactory  only  when  the  two  resistances  for  ther- 
mometers in  contact  and  without  thermometers  are  sensibly  equal.  This 
condition  can  be  obtained  by  making  the  thermometers  touch  along  the 
lines  of  junction  of  the  antimony  and  bismuth  ;  but  the  connexion  being 
one  of  mere  contact,  there  is  always  danger  of  failure. 

The  following  observations  were  made  on  1869,  Aug.  19  : — 

1 .  Without  thermometers  : 

Resistance  =R+0-003  B.A.  units. 

Mean  difference,  G  before  /3— G  before  a  =  735  div. 

2.  With  thermometers  in  contact  : 

Resistance  =RiH- 0*003  B.A.  units. 
Mean  difference  =  698  div. 

3.  With  thermometers  in  contact  : 

Resistance  =Rj-f  1*437  B.A,  units. 
Mean  differences =324  div. 
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4.  Without  thermometers  : 

Resistance  B+ 1*437  B.A.  unit. 
From  (1)  and  (4)  R=  1*251  B.A.  unit. 
From  (2)  and  (3)  Ri=s  1-239  B.A.  unit. 
The  resistances  are  therefore  each  sensibly  equal  to  1*245  B.A.  unit. 

From  (1)  (2)  and  (3)  (4)  we  find  ^=1056. 

From  the  mean  of  such  determinations  I  find 

5  =  1087. 

If,  therefore,  e  is  the  distance  of  the  pile  from  the  cube  in  inches, 
we  hare 

C=  1^x1-087. 
<r 

And  the  heating-power  of  the  star 

=:1^X  1 -087  X  0-725  X-. 

I  ifiay  mention  that  the  whole  area  of  a  face  of  the  small  pile  may  be 
considered  as  effectire  in  the  focus  of  the  equatoreal. 

The  following  observations  have  been  made  and  reduced  as  above  : — 

1869.  Aug.  2. 
Observations  of  Arcturus^  altitude  about  25^. 

0=23  div. 

0=160  div. 

c=17*6  inches. 

Heating-power  of  star 

(17-0)  160^37-5/ 

==0°-0216  F. 

For  the  observations  0  the  scale  was  removed  nearer  the  galvanometer 
80  that  the  effective  radius  for  these  readings  was  2x17  inches  against 
2  X  37*5  inches  for  the  observations  of  the  star. 

1869.  August  11. 
Observations  of  Arcturus. 

0^27  div. 
0=114  div. 
c=s24  inches. 

Effective  radius  for  observations,  32  inches. 
Heating-power  of  Arcturus 

«0*^0180  F. 

VOI-.  XTHI.  N 
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The  mean  result  of  the  obseiratious  on  these  two  nights  if 

0^0198  F. 
as  a  measure  of  the  heating-effect  of  Arctanis  in  raising  the  temperataie 
of  the  plate  of  antimony  and  bismuth  when  the  heat  is  condensed  by  the 
object-glass  of  12*75  inches. 

If  the  absorption  by  the  object-glass  be  considered  insensible,  the  direct 
effect  upon  the  pile  would  be 

0°000000685  F. 
I  have  not  yet  determined  the  coefficient  of  absorption  for  the  object- 
glass,  but  if  it  be  provisionally  taken  at  \y  the  direct  heating-effect  of  Aie- 
turns 

=  0°-00000137  F. 
The  result  may  be  otherwise  stated  as  follows: — That  the  heat  received 
from  Arcturus  is  sensibly  the  same  as  that  from  the  whole  face  of  the  cube 
containing  boiling  water  at  4^30  yards. 

ISCb.    August  14. 

Observations  of  /3  Lyree  at  S^  38"^  G.M.T. 

6=15  div. 
0=686  div. 

Heating-power  for  |3  Lyrse 

=  7iV!?a-l •087X0-725  ~^.  =0-0039  F. 
(24/  680 

Observations  were  subsequently  made  of  a  Lyroe,  but  the  zero  was  un- 
steady ;  and  as  the  night  advanced  clouds  appeared,  and  ultimately  inter- 
rupted the  observations. 

1869.  August  14. 
a  Lyra*.     Star  on  a—  star  on  /3=11  div. 
1869.  August  15. 
The  night  was  very  clear,  and  the  air  steady,  but  completely  saturated  with 
mobture,  at  a  temperature  of  about  52°.    The  mean  of  fourteen  observa- 
tions of  the  difference  of  reading  for  a  Lyrse  on  a  and  /3  gave  only  1 1  divs. 
I  have  no  doubt  but  that  the  small  effect  here  obtained  was  due  principally 
to  the  amount  of  moisture  in  the  air. 

1869.  August  25. 
Observations  of  a  Lyrcc.     Night  fine. 
Mean  value  of  the  difference  from  nine  observations  was 

0=33  div. 
0  =  669  div. 
c=24  inches. 
.-.  heating-power  of  a  Lvr*c  =  0^*0088  F. 
This  result  is  again  so  much  smaller  thau  those  obtained  from  Arcturus, 
although  the  observations  of  Arcturus  were  made  under  more  unfavourable 
circumstances  with  respect  to  altitude,  that  I  caunpt  but  regard  it  as  a  fact 
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that  the  star  Arctoras  does  give  us  more  heat  than  aLyrfle,— a  result  prohahly 
due  to  the  same  oaase  which  gives  rise  to  the  difference  in  colour  hetween 
these  stars,  vis.  the  greater  absorption  of  the  red  end  of  the  spectrum  in  the 
case  of  aLjra  than  in  the  case  of  Arcturus. 

I  may  here  mention  that  on  June  25, 1869, 1  made  a  direct  comparison 
between  Arcturus  and  oLyrse.  The  result  gave  for  the  heat  received  from 
Arcturus  :  that  from  a  Lyras  :  :  3  :  2 ;  but  on  account  of  the  observations  of 
a  Lyra  having  been  interrupted  by  cloud,  they  were  not  sufficiently 
numerous  to  eliminate  mere  errors  of  reading. 

From  the  whole  of  these  observations  I  think  we  may  conclude  that 
Arcturus  gives  to  us  considerably  more  heat  than  a  Lyree ;  that  the  amount 
of  heat  received  is  diminished  very  rapidly  as  the  amount  of  moisture  in  the 
air  increases ;  that  nearly  the  whole  heat  is  intercepted  by  the  slightest 
cloud ;  that  as  first  approximations,  the  heat  from  Arcturus,  at  an  altitude 
of  25^,  at  Greenwich  is  about  equal  to  that  from  a  three-inch  cube  contain- 
ing boiling  water  at  a  distance  of  400  yards. 

The  heat  from  a  Lyne  at  an  altitude  of  60°  is  about  equal  to  that  from 
the  same  cube  at  a  distance  of  about  600  yards.  The  form  given  to  the  pile 
appears  likely  to  be  useful  in  many  inquiries  respecting  differences  of  heating- 
power. 

January  20,  1870. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows  : — 

Transactions. 

Christiania: — Kongclige  Norsko  Frederiks  XJniversitet.  Aarsberetning 
for  Aaret  1868.  8vo.  Christiania  1869.  Index  Scholarum,  1869. 
4to.  Christiania  1869.  Forhandlinger  i  Videnskabs-Selskabct  i 
Christiania,  Aar  1868.  8vo.  Christiania  1869.  Forhandlinger  vcd 
do  Skandinaviske  Naturforskores,  tiendo  Mode  i  Christiania  fra 
den  4*^  tU  den  10"^  Juli  1868.  8vo.  Christiania  1869.  Nyt  Ma- 
gazin  for  Naturvidenskabomo.  Bind  I.  Heft  1,  1835  (1869); 
Bind  XYI.  8vo.  Christiania  1869.  Anton  Hosing,  Biographic,  par 
P.  Chr,  Asbjornsen.  8vo.  Christiania  1869.  La  Norvege  Littc- 
raire,  par  P.  Botten-Hanson.  8vo.  Christixtnia  1868.  Traitc  Elo- 
mentairo  des  Fonctions  Elliptiques,  par  0.  J.  Broch.  8vo.  Cliris^ 
tiania  1867.  Quellen  zur  Geschichtc  dor  Taufsymbols  und  der 
Glaubensrcgol  von  C.  P.  Caspari.  11.  8vo.  Cliristiania  1869.  Micro- 
metric  Examination  of  Stellar  Cluster  in  Perseus,  by  0.  A.  L.  Phil. 
4to.  Christiania  1869.  Skolovoesenets  Ordning  i  Massachusetts,  af 
H.  Bissen.  Svo.  Christiania  1868.  Lo  Glacier  do  Boium  en  Juillet . 
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Transactions  {continved). 

1868,  par  S.  A.  Sexe.  4to.    Christtanta  18G9.     Anatomisk  Boakri- 
Tclse  af  Bursae  Mucosa?,  af  A.  S.  D.  Synnestvedt.   4to.    Chri^iania 

1 869.  The  Universltj. 
Norsko   Metcorologiske   Institut.   Norsk  Metcorologisk  Aarbog  for 

1868,  2'*"  Aargang.  4to.  Christianta  1869.  The  Institute. 

Coimbra : — Universidade.  Annuario  1869-70.  12mo.  Coimbra  1869. 

The  UniTerufy. 
Dublin :— Royal  Dublin  Society.  Journal.  No.  37.  8vo.  Dublin  186a 

TheSodefcy. 

Royal  Geological  Society  of  Ireland.  Journal,  Vol.  II.  Port  1.   Sto. 

Dublin  1868.  The  Society. 

Edinburgh : — Royal  Scottish  Society  of  Arts.  Transactions.  Vol.  VIII. 

Part  1,  8vo.  Edinburgh  1869.  The  Sodety. 

Emden  : — Naturforschende     Gescllschaft.      Jahresberichte    1858-68, 

44-54.  8vo.  Enulen  1859-69.  The  Society. 

Haarlem : — Socicte  Hollandaiso  des  Sciences.   Archives  N<5erlandai8e8 

des  Sciences  Exactes  et  Naturclles.  Tomo  IV.  8vo.  La  Haye  1860. 

The  Society. 

London  : — Royal  Asiatic  Society.  Journal.  New  series.  Vol.  IV.  Part  1. 

8vo.  London  1869.  The  Society. 

Throndhjem  : — Kongelige  Norsko  Videnskabers  Selskabs-Skrifter  i  det 

19do  Aarhundrcde.  Bind  V.  Heft  2.  8vo.  Throndhjem  1865-68. 

The  Society. 

Vienna : — IC.  K.  Sternwarte.  Annalcn,  von  C.  von  Littrow.  Dritter  Folge. 

Band  XV.  Jahrgang  1865.  8vo.  Wien  1869.        The  Observatory. 


Galton  (Douglas,  F.R.S.)  An  Address  on  the  general  principles  Trhich 
should  be  obsen'cd  in  (lie  Construction  of  Hosjntals.  8vo.  London  1809. 

The  Author. 

Palombo  (E.)     Delia  Propricta  o  dcgli  Ordinamenti  Sociali,  studi  storico- 

ccononiici.  8vo.  NajwU  1869.  The  Author. 

Townscnd  (R.,  E.R.S.)     On  the  Nodal  Cones  of  Qundrinodal  Cubics,  and 

the  Zomal  Conies  of  Tetrazomal  Quartics.  8vo.  Lomlon  1869. 

The  Author. 

The  following  communications  were  read  : — 

I.  "  On  tlie  Mechanical  Performance  of  Logical  Inference."  By 
W.  Stanley  Jevons,  M.A,  (Lend.),  Professor  of  Logic  &c. 
in  Owens  College,  Communicated  by  Professor  E.  Roscoe. 
Received  October  16,  1869. 

(Abstract.) 
It  is  remarkable  that  from  the  earliest  times  mechanical  assistance  has 
been  employed  in  mathematical  computation.     The  use  of  pebbles,  of  the 
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fingers,  and  of  the  abacus  of  the  Greeks  and  Romans  may  he  adduced  as 
examples.  Mathematicians  have  constantly  delighted  in  devising  me- 
chanical modes  of  calculations,  as  in  the  case  of  Napier*s  hones,  mechani- 
cal glohes,  slide  rules,  &c.  Actual  machines  for  performing  difficult  cal- 
culations have  heen  designed  or  constructed  at  various  times  since  the 
early  part  of  the  17th  century,  by  Pascal,  Morland,  Leibnitz,  Gersten, 
Babbage,  and  Scheutz. 

In  logic,  on  the  contrary,  we  meet  with  a  total  absence  of  any  actual 
mechanism,  although  logical  works  abound  with  expressions  implying  the 
need  of  such  aid.  The  name  of  Aristotle's  logical  treatises,  the  '  Organon,' 
or  Instrument,  and  many  definitions  of  logic,  clearly  express  this  idea, 
which  is  also  dbtinctly  stated  by  Bacon  in  the  second  aphorism  of  his 
•  New  Organon.' 

This  inability  of  logicians  to  realize  their  notions  of  a  mechanical  logic 
in  a  material  form,  analogous  to  the  many  kinds  of  calculating  machines, 
can  only  be  explained  by  the  extreme  incompleteness  of  their  doctrines. 
It  is  the  advance  of  logical  science,  chiefly  due  to  the  late  Dr.  Boole, 
Prof.  De  Morgan,  and  George  Bentham,  which  now  enables  us  to  pro- 
duce a  truly  mechanical  logic. 

Boole,  in  his  celebrated  work  on  the  '  Laws  of  Thought,'  first  put  forth 
the  problem  of  logical  science  in  its  complete  generality  : — Given  certain 
logical  premises  or  conditions,  to  determine  the  description  of  any  class  of 
objects  under  those  conditions.  The  ancient  forms  of  logical  deductions 
are  but  a  few  isolated  cases  of  this  general  problem,  which  Boole  solved 
in  a  complete  but  exceedingly  obscure  manner.  In  my  *  Pure  Logic  * 
(London,  1864,  Stanford)  and  my  'Substitution  of  Similars'  (London, 
1869,  Macmillan),  I  have  endeavoured  to  show  that  the  mysterious  mathe- 
matical form  of  Boole's  logical  system  is  altogether  superfluous,  and  that 
in  one  point  of  great  importance  he  was  deeply  mistaken.  His  logical 
Ticws,  when  simplified  and  corrected,  give  us  a  method  of  indirect  de- 
duction of  extreme  generality  and  power,  founded  directly  upon  this  most 
fundamental  Law  of  Thought.  A  proof  of  the  truthfulness  and  power  of 
this  system  is  to  be  found  in  the  fact  that  it  can  be  embodied  in  a  machine 
just  as  the  Calculus  of  Diflerences  is  embodied  in  Mr.  Babbage's  calcula- 
ting machine. 

To  explain  the  nature  of  the  logical  machine  alluded  to,  it  may  be 
pointed  out  that  the  third  of  the  fundamental  Laws  of  Thought  allow  us  to 
affirm  of  any  object  one  or  the  other  of  two  contradictory  attributes,  and 
that  we  are  thus  enabled  to  develope  a  series  of  alternatives  which  must 
contain  the  description  of  a  given  class  or  object.  Thus,  if  we  are  consi- 
dering the  propositions — 

Iron  is  metal. 
Metal  is  element, 
we  can  at  once  affirm  of  iron  that  it  is  included  among  the  four  alterna* 
tivcs :-— 
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Metal,  element. 

Metal,  not  element. 

Not  metal,  element. 

Not  metal,  not  element. 
But  according  to  the  second  Law  of  Thought,  nothing  can  oombiae  con- 
tradictory attributes,  and  this  law  prevents  us  from  supposing  that  inm 
can  be  not  metal,  while  the  first  premise  affirms  that  it  is  wetal.  The 
second  premise  again  prevents  our  supposing  that  the  combination  wwial^ 
not  element  can  exist.  Hence  the  only  combination  of  propertiea  which 
'the  premises  allow  us  to  affirm  of  iron  is  metal,  element.  In  a  ainiilar 
manner  a  complete  solution  of  any  logical  problem  may  be  effected  bj 
forming  the  complete  list  of  combination,  in  which  the  terms  of  the  pro- 
blem can  manifest  themselves,  and  then  striking  out  such  of  the  combi- 
nations as  cannot  exist  in  consistency  with  the  conditions  of  the  problem. 

The  logical  machine  actually  constructed  represents  the  combina- 
tion, 16  in  number,  of  four  positive  terms,  denoted  by  A«  B,  C,  D,  and 
their  corresponding  negatives,  a,  b,  e,  d.  The  instrument  is  provided 
with  eight  keys,  representing  these  terms  when  appearing  in  the  subject  of 
a  proposition,  with  eight  keys,  placed  to  the  right  hand  of  the  fonner« 
representing  the  terms  when  occurring  in  the  predicate  of  a  proposition, 
and  with  the  certain  operation  keys  denoting  the  copular  of  the  propon- 
tion,  the  full  atop  at  the  end  of  it,  and  the  conjunction  or,  according  as  it 
occurs  in  the  eulycet  or  tredicate.  There  is  also  a  key  denoting  the  Jimie 
or  end  of  an  argument,  which  has  the  effect  of  obliterating  any  preyioita 
impressions,  and  making  the  machine  a  tabula  nasa.  If,  now,  each  of  the 
letter  terms  A,  B,  C,  D  be  taken  to  represent  some  logical  term  or  noun, 
and  propositions  concerning  them  be,  as  it  were,  played  upon  the  machinCj 
as  upon  a  telegraphic  instrument,  the  machine  effects  thereby  aueh  a 
classification  and  selection  of  certain  rods  representing  the  16  possible 
combinations  of  the  terms,  that  only  those  combinations  consistent  with 
the  propositions  remain  indicated  by  the  machine  at  the  end  of  the  opera- 
tions. When  once  a  series  of  propositions  is  thus  impressed  upon  the  ma- 
chine, it  is  capable  of  exhibiting  an  answer  to  any  question  which  may  be 
put  to  it  concerning  the  possible  combinations  which  form  any  class. 

The  machine  thus  embodies  almost  all  the  powers  of  Boole's  logical 
system  up  to  problems  involving  four  distinct  terms,  and  to  represent  pro- 
blems of  any  complexity  involving  any  number  of  terms  only  requires  the 
multiplication  of  the  parts  of  the  machine.  The  construction  inyolvec 
no  mechanical  difficulties,  and  depends  upon  a  peculiar  arrangement  of  pins 
and  levers,  which  it  would  not  be  easy  to  explain  without  drawings.  In 
this  arrangement  of  the  parts  the  conditions  of  correct  thinking  are  ob* 
served;  the  representative  rods  arc  just  as  numerous  as  the  laws  of 
thought  require,  and  no  rod  represents  inconsistent  attributes.  The  re- 
presentative rods  are  classified,  selected,  or  rejected  by  the  reading  of  a 
proposition  in  a  manner  exactly  answering  to  that  in  which  a  reasoning 
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mind  should  treat  its  ideas,  and  at  every  step  in  the  progress  of  a  pro- 
blem the  machine  indicates  the  proper  condition  of  a  mind  exempt  from 
mistake. 

It  is  believed  that  this  logical  machine  may  be  usefully  employed  in  the 
logical  class-room  to  exhibit  the  complete  analysis  of  any  argument  or 
Ic^cal  problem  ;  and  it  is  superior  for  this  purpose  to  a  more  rudimentary 
contrivance,  the  logical  abacus,  constructed  by  me  for  the  same  purpose 
and  previously  described.  But  by  far  the  chief  importance  of  the  machine 
is  in  a  theoretical  point  of  view  as  demonstrating,  in  the  simplest  and  most 
evident  manner,  the  character  and  powers  of  a  universal  system  of  logical 
deduction,  of  which  the  first,  although  obscure  solution,  was  given  by 
Dr.  Boole. 

II.  ''  Preliminary  Paper  on  certain  Drifting  Motions  of  the  Stars." 
By  Richard  A.  Proctor,  B.A.,  F.R.A.S.  Communicated  by 
Warren  De  La  Rue,  V.P.R.S.     Received  October  26,  1869. 

A  careful  examination  of  the  proper  motions  of  all  the  fixed  stars  in  the 
catalogpies  published  by  Messrs.  Main  and  Stone  (Memoirs  of  the  Royal 
Astronomical  Society,  vols,  xxviii.  and  xxxiii.)  has  led  me  to  a  somewhat  in- 
teresting result.  I  find  that  in  parts  of  the  heavens  the  stars  exhibit  a  well* 
marked  tendency  to  drift  in  a  definite  direction.  In  the  catalogues  of  proper 
motions,  owing  to  the  way  in  which  the  stars  are  arranged,  this  tendency  is 
masked  ;  but  when  the  proper  motions  are  indicated  in  maps,  by  affixing 
to  each  star  a  small  arrow  whose  length  and  direction  indicate  the  magni- 
tude and  direction  of  the  star's  proper  motion,  the  star-drifl  (as  the  phe- 
nomenon  may  be  termed)  becomes  very  evident. 

It  is  worthy  of  notice  that  Miidler,  having  been  led  by  certain  considera- 
tions to  examine  the  neighbourhood  of  the  Pleiades  for  traces  of  a  commu- 
nity of  proper  motion,  founded  on  the  drift  he  actually  found  in  Taurus 
his  well-known  theory  that  Alcyone  (the  lucida  of  the  Pleiades)  is  the 
common  centre  around  which  the  sidereal  system  is  moving.  But  in 
reality  the  community  of  motion  in  Taurus  is  only  a  single  instance,  and 
not  the  most  striking  that  might  be  pointed  out,  of  a  characteristic  which 
may  be  recognised  in  many  regions  of  the  heavens.  In  Gemini  and  Cancer 
there  is  a  much  more  striking  drift  towards  the  south-east,  the  drift  in 
Taurus  being  towards  the  south-west.  In  the  constellation  Leo  there  is 
also  a  well-marked  drift,  in  this  case  towards  Cancer. 

These  particular  instances  of  star-drift  arc  not  the  less  remarkable,  that 
they  (the  stars)  are  drifting  almost  exactly  in  the  direction  due  to  the  proper 
motion  which  has  been  assigned  to  the  sun,  because  the  recent  researches 
of  the  Astronomer  Royal  have  abundantly  proved  that  the  apparent  proper 
motions  of  the  stars  are  not  to  be  recognized  as  principally  due  to  the  sun's 
motion.  Mr.  Stone  has  shown  even  that  we  must  assign  to  the  stars  a 
lai^er  proper  motion,  on  the  average,  than  that  which  the  sun  possesses. 
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Looking,  therefore,  on  the  stars  as  severallj  in  motion,  with  velocitiea  ex- 
ceeding the  sun's  on  the  average,  it  cannot  but  be  looked  opoa  as  highly 
significant  that  in  any  large  region  of  the  heavens  there  should  be  a  com- 
munity of  motion  such  as  I  have  described.  We  seem  compelled  to  look 
upon  the  stars  which  exhibit  such  community  of  motion  as  forming  a 
distinct  system,  the  members  of  which  are  associated  indeed  with  the  ga- 
lactic system,  but  are  much  more  intimately  related  to  each  other. 

In  other  parts  of  the  heavens,  however,  there  are  instances  of  a  star- 
drift  opposed  to  the  direction  due  to  the  solar  motion.  A  remarkable 
instance  may  be  recognized  among  the  seven  bright  stars  of  Ursa  Major. 
Of  these,  the  stars  /3,  y,  ^,  e,  and  ^  are  all  drifting  in  the  same  direction, 
and  almost  exactly  at  the  same  rate,  towards  the  "  apex  of  the  solar  mo- 
tion," that  is,  the  point  from  which  all  the  motions  due  to  the  sun's  trans- 
lation in  space  should  be  directed.  If  these  five  stars,  indeed,  form  a  system 
(and  I  can  see  no  other  reasonable  explanation  of  so  singular  a  community 
of  motion),  the  mind  is  lost  in  contemplating  the  immensity  of  the  periods 
which  the  revolutions  of  the  components  of  the  system  must  occupy. 
Madler  had  already  assigned  to  the  revolution  of  Alcor  around  Misar 
((  Ursae)  a  period  of  nvorc  than  7000  years.  But  if  these  stars,  which 
appear  so  clear  to  the  naked  eye,  have  a  ])eriod  of  such  length,  what  must 
be  the  cyclic  periods  of  stars  which  cover  a  range  of  several  degrees  upon 
the  heavens  ? 

In  like  manner  the  stars  a,  ft,  and  y  of  Arietis  appear  to  form  a  single 
system,  though  the^motion  of  a  is  not  absolutely  coincident  either  in  mag- 
nitude or  direction  with  that  of  ft  and  y,  which  are  moving  on  absolutely 
parallel  lines  with  equal  velocity. 

There  are  many  other  interesting  cases  of  the  same  kind.  I  hope  soon 
to  be  able  to  lay  before  the  Society  a  pair  of  maps  in  which  all  the  well- 
recognized  proper  motions  in  both  hemispheres  are  exhibited  on  the  stereo- 
graphic  projection.  In  the  same  maps  also  the  effects  due  to  the  solar 
motion  are  exhibited  by  means  of  great  circles  through  the  apex  of  the 
solar  motion,  and  small  circles  or  parnllels  having  that  apex  for  a  pole. 

It  appears  to  me  that  the  star-drift  I  Imve  described  serves  to  explain 
several  phenomena  which  had  hitherto  been  thought  very  perplexing.  In 
the  first  place,  it  accounts  for  the  small  eflx?ct  which  the  correction  due  to 
the  solar  motion  has  been  found  to  have  in  diminishing  the  sums  of  the 
squares  of  the  stellar  proper  motioiis.  Again,  it  explains  the  fact  that 
many  double  stars  which  have  a  common  proper  motion  appear  to  have 
no  motion  of  revolution  around  each  other ;  for  clearly  two  members  of  a 
drifting-system  might  appear  to  form  a  close  double,  and  yet  be  in  reality 
far  apart  and  travelling  not  around  each  other,  but  more  closely  around 
the  centre  of  gravity  of  the  much  larger  system  they  form  part  of. 

I  may  add  that,  while  mapping  the  proper  motions  of  the  stars,  I 
have  been  led  to  notice  that  the  rich  cluster  around  \  Persei  falls  almost 
exactly  on  the  intersection  of  the  Aiilky  Way  with  the  great  circle  which 
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may  be  tenned  the  equator  of  the  solar  motion ;  that  is,  the  great  circle 
having  the  apex  of  the  sun's  motion  as  a  pole.  This  circumstance  points 
to  that  remarkable  cluster,  rather  than  to  the  Pleiades,  as  the  centre  of 
the  sidereal  system,  if,  indeed,  that  system  have  a  centre  cognizable  by  us. 
When  we  remember  that  for  every  fixed  star  in  the  Pleiades  there  are 
hundreds  in  the  great  cluster  in  Perseus,  the  latter  will  seem  the  worthier 
r^ou  to  be  the  centre  of  motion.  I  should  be  disposed,  however,  to 
r^ard  the  cluster  in  Perseus  as  the  centre  of  a  portion  of  the  sidereal 
system,  rather  than  as  the  common  centre  of  the  Galaxy. 

The  peculiarities  of  the  apparent  proper  motions  of  the  stars  seem  to 
me  to  lend  a  new  interest  to  the  researches  which  Mr.  Huggins  is  pre- 
paring to  make  into  the  stellar  proper  motions  of  recess  or  approach. 


III.  ''  On  Jacobins  Theorem  respecting  the  relative  Equilibrium  of  a 
Kevolving  Ellipsoid  of  Fluid ;  and  on  Ivory's  Discussion  of  the 
Theorem.'*  By  I.  Todhunter,  M.A.,  F.Ii.S.,  late  Fellow  of 
St.  John's  College,  Cambridge.     Received  November  23,  1869. 

(Abstract.) 

Jacobi  discovered  the  theorem  that  a  fluid  ellipsoid  revolving  with  uni- 
form angular  velocity  round  its  least  axis  might  be  in  equilibrium.  Ivory 
discussed  the  theorem,  and  made  several  statements  regarding  the  limita- 
tions of  the  proportions  of  the  axis.  Ivory's  statements  contain  various 
errors  and  truths  based  on  erroneous  reasoning.  The  object  of  the  pre- 
sent memoir  is  to  correct  Ivory's  errors,  to  supply  his  imperfections,  and 
to  add  something  to  what  is  already  known  respecting  the  theorem. 
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ARCHIBALD  SMITH,  M.A.,  Vice-President,  in  the  Chair. 
Professor  Wyville  Thomson  was  admitted  into  the  Society. 

The  Presents  received  were  laid  on  the  Table,  and  thanks  ordered  for 
them,  as  follows : — 

Transactions : — 

Cambridge,  Mass. : — Museum  of  Comparative  Zoology.    Bulletin.   Nos. 

8-13.  8vo.  Cambridge  1869.  The  Museum. 

Copenhagen : — Kongelige  Danske  Videnskabemee  Selskab.  Skrifter,  Nat. 

og  Math.  Afd.  Bd.  YIII.     1,  3,  4,  5.    4to.    KJbbenhavn  1868-69. 

Oversigt,  1868,  No.  6 ;  1869,  No.  2.  8vo.  Kjdbenhavn  1868-69. 

The  Society. 
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Transactions  (continued), 

Frankfurt  a.  M. : — Senckcnbcrgischo  Naturforschende  GeseUschafL  Ab- 
handlungen.  13and  VII.  Hefto  1-2.  4to.  Frankfurt  1869.  Bericht 
von  Juni  18G8  bis  Juni  1869.   8vo.  The  Society. 

Leipzig: — AstronomischoGcsellschaft.  Vierteljahrsschriffc.  I Y.  Jahigang. 
Hefte2-3.  8vo.  LeqKijlSdd.  Publication IX.  (Tafelnder Pomona.) 
4to.  Leipzig  1 869.  The  Society. 

Neuch&tel: — Society  dcs  Sciences  Naturelles.  Bulletin.  Tome  VIII. 
cahier  1.  8vo.  KeMchdtellSGS,  The  Society. 

Philadelphia: — Franklin  lustitute.  Journal.  Third  Series.  Vol,  LVIIL 
Nos.  1-6.  8vo.  Philadelphia  1869.  The  Listitate. 


Agassiz  (L.,  For.  Mem.  R.S.)  Report  upon  Deep-Sca  Drcdgings.  8vo. 
Cambridge  [JlTa^ss.].  Address  delivered  on  the  Centennial  Anniver- 
sary of  jthe  birth  of  Alexander  von  llumboldt,  under  the  auspices  ef 
the  Boston  Society  of  Natural  Histor}'.  8vo.  Boston  1860. 

The  Author. 

Campani  (G.)  Aziono  del  Permanganate  di  Potassio  sull  Asparagina.  8vo. 
Siena  1869.  The  Author. 

Clark  (F.  Lo  Ores)  Lectures  on  the  Principles  of  Surgical  DiagnosLs, 
especially  in  relation  to  Shock  and  Visceral  Lesions.  8vo.  London 
1870.  The  Author. 

Joly  (N.)    Haute  Antiquitd  du  Genre  Ilumain.     8vo.     Toulouse  1860. 

The  Author. 

Polo  (Dr.,  F.R.S.)  On  Probabilities  as  illustrated  by  events  occurring  in 
Games  with  Cards.  12rao.  London  1869.  The  Author. 

llealis  (S.)     Note  sur  le  Xombre  e.  8vo.  Pans  1869.  The  Author. 

liiitimeyer  (L.)     Ucbcr  Thai-  und  Scc-Bildung.  4to.  Basel  1869. 

The  Author. 

Stainton  (H.  T.,  F.ll.S.)  The  Tineina  of  Southern  Europe.  8vo.  London 
1869.     The  Entomologist's  Annual  for  1870.    12mo.    London  1S70. 

Tho  Author. 

Sundby  (Thor)  Brunette  Latinos  Levnct  og  Skrifter.  8vo.  Kjobenhavn 
1869. The  Author. 

Catalogue  of  Books  added  to  the  Library  of  Congress,  from  Dec.  1,  1867 
to  Doc.  1,  1868.  roy.  8vo.   Washiiujton  1809.  The  Library. 

Statistics  of  New  Zealand  for  1808.  fol.*  TT^<?/m/7/onl869. 

Tho  Registrar-General  ef  New  Zealand. 


Archivio  per  la  Zoologia,  TAnatomia  c  la  Fisiologia,  pubblicato  per  cura 
dei  Proflf.  S.  liichiardi  o  (>.  Canestrini.  Serie  2,  Vol.  I.  8vo.  Torino 
1869.  The  Editors. 

Der  Zoologische  Garten,  X.  Jahrgaiig,  No.  1-12.  8vo.  Frankfurt  a.  M. 
1869.  The  Zoological  Society  of  Frankfort. 
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Helbonme  :-r.Flag8taff  Observatory.  Meteorological  ObscrvationB,  1857 
-58.  2  vols.  sm.  fol.  Daily  Meteorological  Kegister,  1859-1863. 
5  vols,  fol.  Original  Observations  on  Atmospheric  Electricity,  1858. 
»m.  fol.  Daily  Electrical  Register,  1860-63.  3  vols.  4to.  Mag- 
netical  Observations,  Ist  May  to  31st  Dec.  1858.  sm.  fol,  Be- 
marks  and  Disturbance  Observations  during  the  year  1859.  Daily 
Magnetical  Register,  1860-62,  and  Jan.  to  Feb.  1863.  3  vols, 
sm,  fol.    )ISS.  Presented  by  the  Observer,  Dr.  Neumayer, 

The  following  communications  were  read : — 

I.  ''Observations  on  the  Temperature  of  the  Strata  taken  during 
the  sinking  of  the  Brose  Bridge  Colliery,  Wigan,  Lancashire, 
186»-«9.''  By  Edward  Hull,  M.A.,  P.R.S.,  Director  of  the 
Geological  Survey  of  Ireland.     Received  November  27,  1869. 

In  an  elaborate  paper  by  Mr.  "W.  Hopkins,  F.R.S.,  entitled  "Experi- 
mental Researches  on  the  Conductive  Powers  of  various  Substances,"  pub* 
liabedinthe  Philosophical  Transactions  for  1857,  an  account  is  given  of  a 
series  of  experiments  made  under  the  general  supervision  of  Mr.  Hopkins 
himself  and  Mr.  W.  Fairbairn,  F.R.S.,  during  the  sinking  of  the  Astley 
Pit  of  Dukenfield  Colliery  in  Cheshire*.  At  the  time  this  paper  was 
written  the  depth  attained  was  only  a  little  more  than  1400  feet;  and  the 
rate  of  increase  between  the  depths  of  700  feet  and  1330  feet  was  found  to 
be  1^  F.  for  about  65  feet.  These  observations  were  subsequently  continued 
until  the  pits  had  attained  their  full  depth  of  7 1 7  yards  from  the  surface. 
The  last  observation  made  was  in  the  shale  overlying  the  coal-seam,  known 
as  the  "  Black  Mine,"  which  it  was  the  object  of  the  proprietor,  Mr.  Astley, 
to  reach,  and  the  temperature  was  found  to  be  75°  F.  Assuming  the  "  stra- 
tum of  constant  temperature,"  or,  as  it  is  also  called  by  Humboldt,  "  the 
invariable  stratum,"  to  be  that  which  was  reached  at  16*5  feet  with  a 
temperature  of  51^  P.,  the  total  increase  of  temperature  would  amount  to 
24**  P.,  giving  as  the  rate  of  increase  1°  P.  for  every  88*925  feet.  This  is 
much  below  the  average  rate  of  increase. 

During  a  part  of  the  period  above  referred  to  (from  1854-56)  another 
coal-pit  was  being  sunk  at  Wigan,  which  reached  the  depth  of  600  yards, 
down  to  the  celebrated  '*  Cannel  Mine."  At  this  pit  similar  observations  on 
the  temperature  of  the  strata  were  made  very  carefully  by  the  manager, 
Mr.  Bryham,  which  were  kindly  communicated  to  myself  for  publication, 
and  will  lie  found  in  my  work  on  the  *  Coalfields  of  Great  Britain.'  The 
ultimate  temperature  attained  in  this  pit  at  the  depth  from  the  surface  of 
600  yards  was  found  to  be  72^  P. ;  and  assuming  the  invariable  stratum  to 
be  the  same  as  that  at  Dukenfield  Colliery,  the  resulting  rate  of  increase 
would  be  1**  P.  for  every  61*5  feet,  which  accords  very  closely  with  the 

*  The  entire  series  of  these  interesting  observations  were  kindly  supplied  to  me  by  Mr, 
W.  FfeiriMim,  and  ire  pcbliihed  in  *  The  Coalfields  of  Great  Britain,'  2nd  edit.  p.  226. 
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result  obtained  by  Professor  Phillips,  F.R.S.,  at  tho  Monkwearmoath 
Colliery, 

Since  the  time  above  referred  to,  the  proprietor  of  the  Rose  Bridge  Col- 
liery, Mr.  J.  Grant  Morris,  determined  to  carry  down  the  shafts  from  the 
**  Cannel"  seam  to  the  "  Arley  "  seam^of  coal,  which  was  known  to  lie 
more  than  200  yards  below  it ;  and  consequently  in  the  spring  of  1868 
preparations  were  commenced  for  carrying  out  this  project.  In  the  incre- 
dibly short  time  of  one  year  and  two  months  the  Arley  coal  was  struck, 
and  was  found  to  be  of  good  thickness  and  quality.  The  total  deptb  reached 
was  808  yards,  and  the  ultimate  temperature  in  the  coal  itself  was  found 
to  be  93P  F.  The  manager  of  the  colliery,  Mr.  Bryham,  sensible  of  the 
value  of  observations  on  the  temperature  of  the  strata  at  such  unusual 
depths  (this  being  probably  the  deepest  colliery  in  the  world,  certainly  in 
Britain),  made  a  series  of  observations  with  as  much  care  as  the  circum- 
stances would  admit,  and  has  entrusted  them  to  me  for  publication. 

The  mode  of  taking  the  observations  was  as  follows : — On  a  favourable 
stratum,  such  as  shale,  or  even  coal,  having  been  reached,  a  hole  was 
drilled  with  water  in  the  solid  strata  to  a  depth  of  one  yard  from  the 
bottom  of  the  pit.  A  thermometer  was  then  inserted,  the  hole  having 
been  sealed  and  made  airtight  with  clay.  At  the  expiration  of  half  an  hour 
the  thermometer  was  taken  up  and  the  reading  noted. 

It  might  possibly  be  objected  that  the  time  allowed  (thirty  minutes)  was 
insufficient  for  the  imbedding  of  the  thermometer,  and  that  the  readings 
are  liable  to  error  from  this  cause.  I  feel  sure,  however,  that  if  any  error 
has. arisen  it  is  inappreciable,  and  does  not  in  the  least  invalidate  the  ge- 
ueral  result.  In  fact  I  am  assured  by  Mr.  Bryham  that,  from  actual  test- 
ing on  several  occasions,  he  found  less  than  this  time  of  thirty  minutes  suf- 
ficient for  the  purpose  required. 

While  the  temperatures  of  the  strata  were  being  measured,  observations 
were  also  carried  on  pari  passu  on  those  of  the  open  pit  during  the  descent. 
These  are  given  in  the  Table  annexed.  By  a  comparison  of  the  results  in 
the  two  columns,  it  will  be  observed  that  as  the  depth  increased  the  differ- 
ences between  the  corresponding  tem])erature8  in  the  pit  and  the  strata 
tended  to  augment ;  in  other  words,  the  temperature  of  the  strata  was 
found  to  augment  more  rapidly  than  that  of  the  open  pit. 

The  effects  of  the  high  temperature  and  pressure  on  the  strata  at  the 
depth  of  242.5  feet  are,  as  I  am  informed  by  Mr.  Bryham,  making  them- 
selves felt,  and  cause  an  increase  in  the  expense  both  of  labour  and  timber 
for  props.  This  colliery,  in  fact,  will  be  in  a  position  to  put  to  the  test  our 
views  and  speculations  on  the  effects  of  high  temperature  and  pressure  on 
mining  operations. 

In  order  to  obtain  the  average  rate  of  increase  of  heat,  as  shown  by  the. 
experiments  at  Hose  Bridge  Colliery,  we  may  assume  (in  the  absence  of 
direct  observation)  the  position  and  temperature  of  the  invariable  stratum 
to  be  50  feet  from  the  surface  and  50°  F.,  which  is  nrobablv  uearlv  the 
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mean  temperature  of  the  place.  With  these  data,  the  increase  is  l^  F.  for 
every  54*57  feet,  which  approximates  to  that  ohtained  by  Professor  Phil- 
lips at  Monkwearmouth  of  1°  F.  for  about  every  60  feet. 

If,  on  the  other  hand,  for  the  purpose  of  comparison,  we  adopt  the  mea- 
surements for  the  invariable  stratum  as  obtained  at  Dukenfield,  we  find 
the  rate  of  increase  to  he  1**  F.  for  every  47*2  feet  as  against  1°  F.  for  every 
83*2  feet  in  the  case  of  Dukenfield  itself.  So  great  a  discordance  in  the 
results  is  remarkable,  and  is  not,  in  my  opinion,  attributable  to  inaccuracy 
of  observation  in  making  the  experiments.  On  the  other  hand,  I  may  ven- 
ture to  suggest  that  it  is  due,  at  least  in  some  measure,  to  dissimilarity  in 
the  position  and  inclination  of  the  strata  in  each  case.  These  I  now  pro- 
ceed to  point  out. 

Position  of  the  Strata  at  Rose  Bridge  and  Dukenfield  Chllieriee.-^ 
Rose  Bridge  Colliery  occupies  a  position  in  the  centre  of  a  gently  sloping 
trough,  where  the  beds  are  nearly  horizontal ;  they  arc  terminated  both  on 
the  west  and  east  by  large  parallel  faults  which  throw  up  the  strata  on 
either  side.     The  colliery  is  placed  in  what  is  known  as  ''  the  deep  belt." 

Dukenfield  Colliery,  on  the  other  hand,  is  planted  upon  strata  which 
are  highly  inclined.  The  beds  of  sandstone,  shale,  and  coal  rise  and  crop 
out  to  the  eastward  at  angles  varying  from  30°  to  35°.  Now  I  think  we 
may  assume  that  strata  consisting  of  sandstones,  shales,  clays,  and  coal 
alternating  with  each  other  are  capable  of  conducting  heat  more  rapidly 
along  the  planes  of  bedding  than  across  them,  different  kinds  of  rock 
having,  as  Mr.  Hopkins*s  experiments  show,  different  couducting-powers. 
If  this  be  so,  we  have  an  evident  reason  for  the  dissimilar  results  in  the 
two  cases  before  us.  Assuming  a  constant  supply  of  heat  from  the  interior 
of  the  earth,  it  could  only  escape,  in  the  case  of  Rose  Bridge,  across  the 
planes  of  bedding,  meeting  in  its  progress  upwards  the  resistance  offered 
by  strata  of,  in  each  case,  varying  conducting-powers.  On  the  other  hand, 
in  the  case  of  Dukenfield  the  internal  heat  could  travel  along  the  steeply 
inclined  strata  themselves,  and  ultimately  escape  along  the  outcrop  of 
the  beds. 

I  merely  offer  this  as  a  suggestion  explanatory  of  the  results  before  us, 
and  may  be  allowed  to  add  that  the  strata  at  Monkwearmouth  Colliery, 
the  thermometrical  observations  at  which  correspond  so  closely  with 
those  obtained  at  Rose  Bridge,  are  also  in  a  position  not  much  removed 
from  the  horizontal,  which  is  some  evidence  in  corroboration  of  the  views 
here  offered. 
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Thermometrical  Obserrations  at  Rose  Bridge  Collieiy. 


Date. 


July  1854 

August  1854 

May  1858 

July  1858  

May  18,  18G8    

July  24,  1868    

April  19,1869 

NoTember  18,  1868. 
Februarv  22,  1869... 

March  12,1869 

April  17,1869  

May  3.  1869 

May  19,1869 

July  8,  1869 

July  16,1869 


Depth, 

in 
yards. 


161 
188 
550 
GOO 
630 
665 
073 
700 
736 
748 
762 
774 
782 
801 
808 


Strata. 


niue  bhale » 

Warrant  earth   

Blue  shale 

Warrant  earth   

'*  Raven  ''  coal  

Linn  and  Wool  

**  Yard  Coal"  mine  , 

Strong  blue  metal*,  k 

Do.  

Shale 

Linn  and  wool,  or  strong  shale . 

Strong  shale  

Blue  metal 

Strong  blue  shale 

Coal  (Arley  mine) , 


tare 

in  open 

pit. 


Tenpeni- TeBpfln" 


F. 


••»**• 


73 
75 
76 

76 
76 
77 
78 
80 
79 
79 
79 


aolid 
ttnti. 


lift 

66 
78 
80 
83 
8S 
80 
87 

89 

90-ft 

91*5 

92 

93 

93| 


Remarks, 

All  boles  yertical  in  solid  at  bottom  of  pit  drilled  with  water  1  yard  deep,  and 
thermometer  remained  in  hole  thirty  minutea  and  made  airtight  with  city* 


II.  "  On  the  Action  of  Rays  of  high  Refrangibility  upon  Ghuiedtil 
Matter.*'  By  John  Tyndall,  LL.D.,  F.R.S.,  Professor  of 
Natural  Philosophy  in  the  Royal  Institution.  Received  De- 
cember 4,  1869. 

This  paper  is  an  expansion  of  the  Researches  already  communicated  to 
the  Royal  Society  on  the  Chemical  Action  of  Light  on  Gaseous  Matter. 
(See  Proceedings,  vol.  xvii.  p.  92.) 


III.  "  On  the  Theory  of  Continuous  Beams.*'  By  John  MoRTiMEti 
Heppel,  Mem.  Inst.  C.E.  Communicated  by  Prof.  W.  J. 
Macquorn  Rankine.     Received  December  9^  1869. 

(Abstract.) 

The  chief  object  of  the  present  communication  ij  to  remedy  some 
acknowledged  defects  in  the  theory  of  the  above-mentioned  subject. 
The  principal  steps  by  which  it  has  reached  its  present  state  of  develop- 
ment are  also  noticed,  and  may  be  briefly  recnpitnlated  as  follows  : — 

In  1825  M.  Navier  investigated  the  conditions  of  a  straight  continuous 
beam  resting  on  any  number  of  supports.  His  method,  though  perfectly 
correct  for  the  assumed  conditions  (which  embraced  most  cases  occurring 
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in  practice),  was  lo  exceedingly  intricate  when  the  numher  of  openings  he- 
came  at  all  largCy  that  in  such  instances  it  was  of  little  practical  use. 

In  1849  M.  Clapeyron,  a  distinguished  engineer  and  savant,  devised  a 
much  more  direct  and  easy  means  of  treating  such  cases,  though  he  did 
not  at  first  succeed  in  giving  to  his  own  method  all  the  simplicity  and  ele- 
gance of  which  it  was  capable. 

This  was  first  done  in  1856  by  M.  Bertot,  civil  engineer,  who,  by  effect* 
ing  an  elimination  which  had  escaped  Clapeyron,  arrived  at  a  remarkable 
equation  which  has  been  the  key  to  all  subsequent  treatment  of  the  sub' 
ject.  This  equation  involves  the  bending  moments  over  any  three  conse« 
cutive  points  of  support,  and  is  well  known  in  France  by  the  name  of  the 
**  Theorem  of  the  three  Moments." 

In  1857  M.  Clapeyron  himself  and  M.  Bresse,  Professeur  de  M^niqutt 
appliqude  Ji  I'Scole  Imp^riale  des  Fonts  et  Chauss^es,  appear  to  have  dis- 
covered this  theorem  independently  of  M.  Bertot,  and  M.  Bresse  shortly 
afterwards  extended  it  to  a  much  greater  degree  of  generality. 

M.  Bresse's  researches  on  this  subject  are  published  in  the  third  volume 
of  his  '  Cours  de  M^canique  appliqu^e,'  Faris,  1865 ;  but  they  had  been 
communicated  by  him  to  the  Academy  of  Sciences  in  1862,  and  fully  com« 
pleted  in  the  previous  year.  M.  Bresse  not  only  contributed  to  the  ad- 
vancement of  the  theory,  but  entered  largely  into  the  best  methods  of  itA 
application  to  practice,  and  framed  rules  which  have  since,  under  an  Im- 
perial Commission,  acquired  the  character  of  legislative  enactments. 

M.  Belanger,  Professeur  de  M^canique  appliquee  k  Fficole  centrale,  ap^ 
pears,  about  the  same  time  as  M.  Bresse,  to  have  made  an  independent  in* 
vestigation  of  this  subject,  and  to  have  brought  the  theory  of  it  to  about 
the  same  stage  of  advancement. 

Little  has  been  since  added  to  this  theory  iu  France,  but  valuable  con- 
tributions to  its  development  in  reference  to  practice  are  to  be  found  in 
the  works  of  MM.  Renaudot,  Albaret,  Molinos  et  Fronnier,  Colignon, 
and  Piarron  de  Mondesir. 

In  England  Professor  Moseley  is  the  first  writer  on  mechanics  who  ap« 
pears  to  have  occupied  himself  with  this  subject.  In  his  work  on  '  The 
Mechanical  Principles  of  Engineering  and  Architecture,'  he  gives  several 
examples  of  the  application  of  M.  Navier's  method  to  important  practical 
cases.  This  work  was  published  in  1843,  and  no  doubt  furnished  the 
groundwork  for  Mr.  Pole's  more  extended  investigations. 

In  1852  Mr.  Pole  had  to  examine  the  case  of  the  bridge  over  the  Trent 
at  Torksey,  in  vol  v^pg  some  new  conditions  not  treated  by  Moseley,  but 
which  he  found  the  means  of  treating  with  perfect  success.  About  the 
same  time  Mr.  Pole  had  to  deal  with  the  much  more  complex  and  im- 
portant case  of  the  Britannia  bridge,  in  which,  besides  variation  of  load 
from  one  span  to  another,  variation  of  section  also  had  to  be  considered, 
and  imperfect  continuity  over  the  middle  pier.  These  conditions  were 
suoceisfiilly  imported  into  this  method  of  Naviel*,  which  was,  howevef. 


1 78  On  the  T/ieonj  of  Continuous  Beams.  [Jan.  27, 

only  known  to  Mr.  Pole  through  the  examples  of  its  application  giTcn  in 
Moseley*8  work,  and  the  results  obtained  were  identical  with  those  wluch 
would  have  followed  from  the  application  of  the  method  of  Cli^fieyTon  in 
its  most  improved  and  generalized  form. 

In  1858,  the  present  writer,  being  then  in  India,  had  occasion  to  eon* 
sider  the  condition  of  a  continuous  girder  of  five  spans,  and  finding  the  me- 
thod of  Navier  unmanageable,  was  forced  to  seek  for  some  other.  He 
first  came  upon  the  equation  which  he  afterwards  found  had  been  for  some 
years  kuown  in  France  as  the  "  Theorem  of  the  three  Moments,"  and 
afterwards  extended  it,  so  as  to  take  in  all  the  conditions  of  the  Britannia 
bridge  and  to  verify  all  Mr.  Pole's  results.  In  this  form  it  was  absolutely 
identical  with  the  equation  given  by  M.  B61anger,  and  nearly  so  with  that 
of  M.  Bresse. 

The  great  defect  in  all  this  theory  up  to  the  present  time  has  been  that, 
in  order  to  avoid  an  inextricable  complexity,  it  has  been  necessary  to  con- 
sider the  load  in  each  span  as  uniformly  distributed  over  it,  and  the  mo- 
ment of  inertia  of  the  section  as  uniform  throughout  each  span. 

In  many  cases  these  hypotheses  are  false,  notably  so  in  the  case  of  the 
Britannia ;  and  the  conclusions  are  affected  by  their  falsity,  to  what  extent 
being  a  matter  of  uncertainty,  though  good  grounds  have  been  shown  for 
believing  that  the  errors  cannot  attain  to  importance. 

The  method  now  given  treats  these  conditions,  it  is  hoped,  rigo- 
rously ;  and  although  the  equations  obtained  are  such  as  necessarily  re- 
quire some  laborious  computation  to  obtain  numerical  results,  they  are 
certainly  by  no  means  inextricable. 

It  is  satisfactory  to  find  that  in  the  case  of  the  Britannia,  where  these 
new  conditions  enter  with  much  greater  force  than  in  most  cases,  their 
effect  on  the  resulting  stresses  is  very  unimportant ;  so  that  the  inference 
may  legitimately  be  drawn  that  in  all  ordinary  cases  the  method  of 
Bresse  may  be  confidently  applied. 

It  is  scarcely  possible  in  a  short  abstract  to  give  an  idea  of  an  ana- 
lytical investigation.  The  equations  obtained  are  of  the  same  form  as  those 
of  the  previous  methods,  each  containing,  as  unknown  quantities,  the 
bending  moments  over  three  consecutive  supports ;  but  the  coefficients  are 
somewhat  involved  functions  of  the  varying  loads  and  sections.  An  ab- 
breviated functional  notation  has,  wherever  possible,  been  used,  by  means 
of  which  a  certain  degree  of  clearness  and  symmetry  is  preserved  in  ex- 
pressions which  would  otherwise  become  inextricably  complex. 

IV.  "Remarks   on   Mr.  Heppel's  Theory   of  Continuous  Beams.*^ 

By  W.  J.  Macquorn  Rankine,  C.E.,LL.D.,  F.R.S.     Received 

December  22,  1869. 

(Abstract.) 

The  author  states  that  the  advantages  possessed  by  Mr.  Heppel's  method 
will  probably  cause  it  to  -be  used  both  in  practice  and  in  scientific  study. 
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With  a  view  to  the  instruction  of  students  in  engineering  science,  he 
proposes  an  abridged  way  of  stating  the  theoretical  principles  of  Mr.  Hep- 
peFs  method,  considering  at  the  same  time  that  Mr.  Heppel's  more  detailed 
investigation  forms  the  best  model  for  numerical  calculation. 

He  then  uses  Mr.  Heppel's  improved  form  of  the  "  Theorem  of  the  three 
Moments  '*  to  test  the  accuracy  of  the  formulae  which  he  obtained  in  an- 
other way,  and  published  in  'A  Manual  of  Civil  Engineering,*  for  the  case 
of  a  uniform  continuous  beam  with  an  indefinite  number  of  equal  spans, 
the  successive  spans  being  loaded  alternately  with  a  uniform  fixed  load 
only,  and  with  a  uniform  travelling  load  in  addition  to  the  fixed  load  ;  and 
he  finds  the  results  of  the  two  methods  to  agree  in  every  respect. 

y.  "  Remarks  on  the  recent  Eclipse  of  the  Sun  as  observed  in  the 
United  States.**  By  J.  N,  Lockyer,  F.R.S.  Received  December 
7,  1869. 

By  the  kindness  of  Professors  Winlock,  Morton,  and  Newton,  I  have 
been  favoured  with  photographs,  and  as  yet  unpublished  accounts,  of  the 
results  of  the  recent  total  eclipse  of  the  sun  observed  in  America.  I  am 
anxious,  therefore,  to  take  the  opportunity  afforded  by  the  subject  being 
under  discussion,  to  lay  a  few  remarks  thus  early  before  the  Royal  Society. 

The  points  which  I  hoped  might  be  more  especially  elucidated  by  this 
eclipse  were  as  follows : — 

1 .  Is  it  possible  to  differentiate  between  the  chromosphere  and  the  corona  ? 

2.  What  is  the  real  photographic  evidence  of  the  structure  of  the  base 
of  the  chromosphere  in  reference  to  Mr.  W.  De  La  Rue's  enlarged  photo- 
graphs of  the  eclipse  of  1860  ? 

3.  What  is  the  amount  of  the  obliterating  effect  of  the  illumination  of 
our  atmosphere  on  the  spectrum  of  the  chromosphere  ? 

4.  Is  there  any  cooler  hydrogen  above  the  prominences? 

5.  Can  the  spectroscope  settle  the  nature  of  the  corona  during  eclipses  ?   , 
With  regard  to  1,  the  evidence  is  conclusive.    The  chromosphere,  includ- 
ing a  "  radiance,"  as  it  has  been  termed  by  Dr.  Gould  (the  edge  of  the  radi- 
ance as  photographed  being  strangely  like  the  edge  of  the  chromosphere  in 
places  viewed  with  the  open  sht),  is  not  to  be  confounded  with  the  corona. 

On  this  subject,  in  a  letter  to  Professor  Morton,  Dr.  B.  A.  Gould 
writes : — **  An  examination  of  the  beautiful  photographs  made  at  Burling- 
ton and  Ottumwa  by  the  sections  of  your  party  in  charge  of  Professors 
Mayer  and  Haines,  and  a  comparison  of  them  with  my  sketches  of  the 
corona,  have  led  me  to  the  conviction  that  the  radiance  around  the  moon 
in  the  pictures  made  during  totality  is  not  the  corona  at  all,  but  is  actually 
the  image  of  what  Lockyer  has  called  the  chromosphere. 

"  This  interesting  fact  is  indicated  by  many  different  considerations.  The 
directions  of  maximum  radiance  do  not  coincide  with  those  of  the  great 
beams  of  the  corona  ;  they  remain  constant,  while  the  latter  were  variable. 

vol..  XYIII.  O 
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There  is  a  diameter  approximately  corresponding  to  the  solar  axisp  near 
the  extremities  of  which  the  radiance  upon  the  photographs  is  a  minimum, 
whereas  the  coronal  heams  in  these  directions  were  especially  marked 
during  a  great  part  of  the  total  ohscuration.    The  coronal  beams  stood  in 
no  apparent  relation  to  the  protuberances,  whereas  the  aureole  seen  upon 
the  photographs  is  most  marked  in  their  immediate  vicinity ;  indeed  the 
great  protuberance,  at  230^  to  245^,  seems  to  have  formed  a  southern 
limit  to  the  radiance  on  the  western  side,  while  a  sharp  northern  limit  ib 
seen  on  all  the  photographs  at  about  350°,  the  intermediate  arc  being 
thickly  studded  with  protuberances  which  the  moon  displayed  at  the  dose 
of  totality.     The  exquisite  masses  of  flocculent  light  on  the  following  limbs 
are  upon  the  two  sides  of  that  curious  prominence  at  93^,  which  at  first 
resembled  an  car  of  corn,  as  you  have  said,  but  which,  in  the  later  pictures 
after  it  had  been  more  occulted,  and  its  southern  branch  thus  rendered 
more  conspicuous,  was  like  a  pair  of  antelope's  horns,  to  which  some  ob- 
servers compare  it.     Whatever  of  this  aureole  is  shown  upon  the  photo- 
graphs was  occulted  or  displayed  by  the  lunar  motion,  precisely  as  the 
protuberances  were.     The  variations  in  the  form  of  the  corona,  on  the 
other  hand,  did  not  seem  to  be  dependent  in  any  degree  upon  the  moon's 
motion.      The  singular  and  elegant  structural  indication  in  the  special 
aggregations  of  light  on  the  eastern  side  may  be  of  high  value  in  guiding 
to  a  further  knowledge  of  the  chromosphere.     They  are  manifest  in  all 
the  photographs  by  your  parties  which  I  have  seen,  but  are  especially 
marked  in  those  of  shortest  exposure,  such  as  the  first  one  at  Ottnmwa. 
In  some  of  the  later  views  they  may  be  detected  on  the  other  side  of  the 
sun,  though  less  distinct ;  but  the  very  irregular  and  jagged  outline  of  the 
chromosphere,  as  described  by  Jansseu  and  Lockyer,  is  exhibited  in  per- 
fection." 

The  second  point  is  also  referred  to  in  the  same  letter.  I  think  the 
American  photographs  afford  evidence  that  certain  appearances  in  parts  of 
Mr.De  La  Rue's  photographs,  which  represent  the  chromosphere  as  billowy 
on  its  under  side,  arc  really  due  to  some  action  either  of  the  moon's 
surface  or  of  a  possible  rare  lunar  atmosphere ;  so  that  it  is  not  desirable  to 
confound  these  effects  with  others  that  might  be  due  to  a  possible  suspen- 
sion of  the  chromosphere  in  a  transparent  atmosphere,  if  only  a  section  of 
the  chromosphere  were  photographed. 

Dr.  Gould  writes : — **  You  will  observe  that  some  of  the  brighter,  petal- 
like fiocculi  of  light  have  produced  apparent  indentations  in  the  moon's 
limb  at  their  base,  like  those  at  the  bases  of  the  protuberances.  These 
indentations  are  evidently  due  to  specular  reflection  from  the  moon's  sur- 
face, as  I  stated  to  the  American  Association  at  Salem  \kst  month.  Had 
any  doubt  existed  in  my  mind  previously,  it  would  have  been  removed  by 
an  inspection  of  the  photographs." 

Where  the  chromosphere  is  so  uniform  a  light  that  the  actiuic  effect  on 
the  plate  is  pretty  nearly  equal,  the  base  of  the  chromosphere  is  absolutely 
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continuous  in  the  American  photographs ;  but  in  the  case  of  some  of  the 
larger  prominences,  notablj  those  at  -{-146  (Young)  and  —130  (Young), 
there  are  strong  apparent  indents  on  the  moon*s  limb. 

I  next  come  to  the  obliterating  effect  of  the  illumination  of  our  atmo- 
sphere on  the  spectrum  of  the  chromosphere. 

This  is  considerable ;  in  fact  the  evidences  of  it  are  very  much  stronger 
than  one  could  have  wished,  but  hardly  more  decided  than  1  had  anticipated. 
Professor  Winlock's  evidence  on  this  point,  in  a  letter  to  myself,  is  as 
follows : — '*  I  examined  the  principal  protuberance  before,  during,  aud  after 
totality.  1  saw  three  Hues  (C,  near  D  and  F)  before  and  after  totality 
and  eleven  during  totaUty ;  eight  were  instantly  extinguished  on  the  first 
appearance  of  sun  Ugh  ^. " 

This  effect  was  observed  with  two  flint  prisms  and  7  inches  aperture. 
Professor  Young,  with  five  prisms  of  45^  and  4  inches  aperture,  found  the 
name  result  in  the  part  of  the  spectrum  he  was  examining  at  the  end  of 
the  totality. 

He  writes :  **  I  had  just  completed  the  measurements  of  2602,  when  the 
totality  ended.  This  line  disappeared  instantly ^  but  2796  [the  hydrogen 
line  near  G]  was  nearly  a  minute  in  resuming  its  usual  faintness."  These 
observations  I  consider  among  the  most  important  ones  made  during  the 
eclipse ;  for  they  show  most  unmistakably  that,  as  1  have  already  reported 
to  the  Secretary  of  the  Government-Grant  Committee,  the  new  method  to 
be  employed  under  the  best  conditions  must  be  used  with  large  apertures 
and  large  dispersion. 

On  the  fourth  point  the  evidence  is  but  negative  only,  and  therefore  in 
favour  of  the  view  1  have  some  time  ago  communicated  to  the  Royal 
Society. 

We  next  come  to  the  question  of  the  corona, — a  question  which  has 
been  made  more  difficult  than  ever  (in  appearance  only  I  think)  by  the 
American  observations. 

I  propose  to  discuss  only  the  spectroscopic  observations  of  Professors 
Young  and  Pickering  in  connexion  with  Dr.  Gould*  s  before  quoted  re- 
marks. 

Professor  Pickering,  with  an  ordinary  chemical  spectroscope  merely 
directed  to  the  sun's  place  during  totality,  obtained  the  combined  spectrum 
of  the  protuberances  and  corona.  He  saw  a  continuous  spectrum  with 
two  or  three  bright  lines,  one  "  near  E,"  and  a  second  "  near  C." 

Professor  Young,  who  used  a  spectroscope  specially  adapted  for  the 
work,  in  which  only  one  part  of  the  prominence  at  + 146"  was  being  exa- 
mined, saw  C,  near  D,  a  line  at  1250  +  20,  and  another  at  1350  +  20  of 
Kirchhoff's  scale.     The  rest  of  the  observations  1  give  in  his  own  words. 

*•  Then  came  the  1474  K  line,  which  was  very  bright,  though  by  no  means 
equal  to  C  and  D, ;  but  attention  was  immediately  arrested  by  the  fact 
that,  unlike  them,  it  extended  clean  across  the  spectrum ;  and  on  moving 
the  slit  away  from  the  protuberances,  it  persisted,  while  D3,  visibly  in  the 
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edge  of  the  field,  disappeared.  Thus  it  was  evident  that  this  line*  be- 
longed not  to  the  spectrum  of  the  protuberance,  but  to  that  of  the  corona. 
My  impression,  but  I  do  not  feel  at  all  sure  of  it,  is  that  the  two  faint 
lines  between  it  and  D,  behaved  in  the  same  manner,  and  are  alao  ooroDa 
linesf. 

*'  I  am  confirmed  in  this  opinion  by  Professor  Pickering's  obsenration. 
He  used  a  single-prism  spectroscope,  with  the  slit  of  the  collimator  simply 
directed  to  the  sun,  and  having  no  lens  in  front  of  it.  With  thia  arrange- 
ment he  saw  only  three  or  four  bright  lines,  the  brightest  near  £  (1474). 
Now  this  is  exactly  what  ought  to  occur  if  that  line  really  belongs  to  the 
corona,  which,  from  its  great  extent,  furnished  to  his  instrument  a  far 
greater  quantity  of  light  than  the  prominences. 

'*  By  this  time  the  moon  had  advanced  so  far  that  it  became  necessary  to 
shift  the  slit  to  the  great  prominence  on  the  opposite  side  of  the  son. 
While  my  assistant  was  doing  this,  I  suppose  I  must,  in  the  excitement  of 
the  moment,  have  run  my  eye-piece  over  the  region  of  the  magnesium  lines 
(b),  and  thrown  them  out  of  the  field  before  he  had  brought  anything  upon 
the  slit.  At  any  rate  I  saw  nothing  of  these  lines,  which  were  evident 
enough  to  several  other  observers,  and  can  think  of  no  other  way  to  account 
for  their  having  escaped  me.  The  F  line  in  the  spectrum  of  the  great 
protuberance  was  absolutely  glorious,  broad  at  the  base  and  tapering 
upwards,  crookedly  as  Lockyer  has  before  often  observed.  Next  appeared 
a  new  line,  about  as  bright  as  1474  at  2602=2  of  Kirchhofifs  scale.  Its 
position  was  carefully  determined  by  micrometrical  reference  to  the  next 
line,  2796  K  (hydrogen  y),  which  was  very  bright ;  h  was  also  seen,  very 
clear,  but  hardly  brilliant.     In  all  I  saw  nine  bright  lines. 

*  ••  On  two  or  three  occasions  previously  I  had  been  very  much  surprised  at  not  being 
able  to  detect  this  lino  in  the  Hpectrum  of  unusually  bright  prominences.  On  the  other 
hand,  I  once  found  it  ver^'  easy  to  see  at  a  place  on  the  sun's  limb  where  the  ottier 
chromosphere  lines,  usually  far  more  brilliant,  were  almost  invisible.'* 

t  "  A  careful  examination  of  the  photogniphs,  especially  No.  2  of  the  Burlington 
totalit}'  piirtiircs,  somewhat  diminishes  my  conGdence  in  the  conclusion  of  the  text  mi  to 
the  nature  of  these  three  lines  (12rK.),  13r>0,  and  1474).  They  certainly  do  not  belong 
to  the  spectrum  of  the  most  brilliant  portion  of  the  prominences;  but  around  the  pro- 
minences of  the  eaHtem  limb,  on  which  the  slit  of  the  spectroscope  was  directed  during 
the  first  half  of  the  totality,  the  photograph  shows  a  pretty  extensive  and  well-defined 
nebulosity,  evidently  distinct  from,  though  associated  with,  the  brilliant  nucleL  Now 
it  is  possible  that  these  lines  may  belong  to  this  nebulosity,  and  not  to  the  corona 
projier ;  for  I  cannot  recall  with  certainty  whether  1474  retained  its  brilliance  at  any 
conHidorablc  distance  from  the  prominences,  or  only  in  their  immediate  neiglibourhood. 
My  strong  impression,  however,  is  that  the  former  was  the  case,  and  that  the  text  is 
correct.  I  may  as  well  confess  that  my  imcertain  memory  here  is  due  to  the  fact  tliat 
just  at  this  time,  while  my  as-sistant  was  handing  me  the  lantern  with  which  to  read  tJie 
micromoter-head,  I  looked  over  my  shoulder  for  an  instant,  and  beheld  the  most  beau- 
tiful and  impressive  spectacle  upon  which  my  eyes  have  ever  rested.  It  could  not  have 
been  for  five  seconds ;  but  the  effect  was  so  overwhelming  bh  to  drive  away  all  certain 
recollection  of  what  I  have  just  seen.  What  I  have  recorded  I  recall  from  my  note* 
taken  down  by  my  assistant." 
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«' A  faint  otttUnaoufl  Bpectnim,  without  any  traces  of  dark  lines  in  it,  was 
alflo  Tisible,  vridently  dne  to  the  eorona.  Its  light,  tested  by  a  tourmaline 
applied  next  to  the  eye,  proTed  to  be  very  strongly  polarized  in  a  plane 
passiDg  through  the  centre  of  the  sun.  I  am  not  sure,  however,  but  that 
paa  polariiiition,  as  suggested  by  Prof.  Pickering,  may  have  been  produced 
p0^^j  Ai  JOCceigiYe  refractions  through  tlie  prisms.  This  explanation  at  once 
removes  the  difficulty  otherwise  arising  from  the  absence  of  dark  lines." 
-^./^^Jwe  first  to  do  with  the  continuous  spectrum,  deduced  from  Professor 
Phtoiriiig^s  obaervations. 

1  Hbrnk  in  such  a  method  of  observation,  even  if  the  corona  were  terres- 
trial and  gave  a  dark  line  spectrum,  the  lines  visible  with  such  a  dim  light 
would  in  peat  part  be  obliterated  by  the  con^sponding  bright  lines  given 
oat  by  the  lo&g  arc  of  chromosphere  visible,  to  say  nothing  of  the  promi- 
nences, in  which  it  would  be  strange  if  C,  D,  £,  b,  F,  and  many  other  lines 
were  not  reversed.  This  su^;estiou,  I  think,  is  strengthened  by  the  state- 
ment that  two  bright  lines  were  seen  "near  C"  and  "near  E;"  should 
we  not  rather  read  (for  the  "near"  shows  that  we  are  only  dealing  with 
approximations)  C  and  F,  which  is  exactly  what  we  might  expect. 

Bat  even  this  is  not  all  that  may  be  hazarded  on  the  subject  of  the  con- 
linaoos  spectrum,  which  was  also  seen  by  Professor  Young  under  different 
conditions. 

Assuming  the  corona  to  be  an  atmospheric  effect  merely,  as  I  have 
before*  asserted  it  to  be,  it  seems  to  me  that  its  spectrum  should  be  conti- 
nooos,  or  nearly  so ;  for  is  it  not  as  much  due  to  the  light  of  the  promi- 
nences as  to  the  light  of  the  photosphere,  which,  it  may  be  said  roughly, 
are  complementary  to  each  other  ? 

With  regard  to  the  aurora  theory,  I  gather  from  Professor  Young's  note 
that,  if  not  already  withdrawn,  he  is  anxious  to  wait  till  the  next  eclipse  for 
farther  facts.  I  consider  that  the  fact  that  I  often  see  the  line  at  147 -i, 
and  often  do  not,  is  fatal  to  it,  as  it  should  be  constantly  visible  on  the 
proposed  hypothesis.  The  observation  of  iron-vapour,  as  I  hold  it  to  be 
at  this  elevation,  is  of  extreme  value,  coupled  with  its  simple  spectrum, 
seen  during  an  eclipse^  as  it  entirely  confirms  my  observations  made  at  a 
lower  level  in  the  case  not  only  of  iron  but  of  magnesium. 


February  3,  1870. 

Lieut-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

Among  the  Presents  received  was  a  Thermometer,  presented  by  Mr. 
Aagnstns  De  Morgan,  which  had  been  made  in  Florence  in  the  seventeenth 
eentoij*    It  was  one  of  a  collection  discovered  in  the  Museo  Fisico  of 
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Florence  in  1829,  which  hmd  beUmged  to  the  Acctdemia  dd  CSmnto,  and 
corresponds  with  the  small  thermometer  used  for  determiiuiig  atmoaphcric 
temperatures,  of  which  a  figure  and  descriptiim  are  giTcn  in  the  Memoifs 
of  the  Academy. 

The  following  communications  were  read : — 

I.  "  Note  on  an  Extension  of  the  Comparison  of  Magnetie  Dis- 
turbances with  Magnetic  Effects  inferred  from  observed  Terrettrial 
Galvanic  Currents ;  and  Discussion  of  the  Magnetic  Effects  in- 
ferred from  Galvanic  Currents  on  days  of  tranquil  magnetism.'' 
By  George  Biddell  Airy^  Astronomer  Royal.  Seoeived  De- 
cember 22,  1869. 

(Abstract.) 

The  author,  after  referring  to  his  paper  in  the  Philoaophieal  Transac- 
tions for  1868  on  the  comparison  of  Magnetic  Disturbances  inferred  horn 
Galvanic  Currents  recorded  by  the  Self-registering  Ghdvanometers  of  the 
Royal  Observatory  of  Greenwich  with  the  Magnetic  Disturbances  r^i^ 
tered  by  the  Magnetometers,  on  1 7  days,  states  that  he  had  now  under- 
taken the  examination  of  the  whole  of  the  Galvanic  Currents  recorded 
during  the  establishment  of  the  Croydon  and  Dartford  wires  (from  1865 
April  1  to  1867  October  24).  The  days  of  observation  were  divided 
into  three  groups, — No.  1  containbg  days  of  considerable  magnetic  dis- 
turbance, and  therein  including  not  only  the  17  days  above  mentioned, 
but  also  36  additional  days,  No.  2  containing  days  of  moderate  dis- 
turbance, of  which  no  further  use  was  made,  and  No.  3  containing  the 
days  of  tranquil  magnetism. 

The  comparisons  of  the  additional  36  disturbed  days  were  made  in  the 
same  manner  as  those  of  the  preceding  1 7  days,  and  the  inferences  were 
the  same.  The  results  were  shown  in  the  same  manner,  by  comparison 
of  curves,  which  were  exhibited  to  the  Society.  The  points  most  worthy 
of  notice  are,  that  the  general  agreement  of  the  strong  irregularities,  Gral- 
vanic  and  Magnetic,  is  very  close,  that  the  galvanic  irregularities  usually 
precede  the  magnetic,  in  time,  and  that  the  northerly  magnetic  force 
appears  to  be  increased.  The  author  remarks  that  no  records  appeared 
open  to  doubt  as  regards  instrumental  error,  except  those  of  western  de- 
clination ;  and  to  remove  this  he  had  conipared  the  Greenwich  Curves 
with  the  Kew  Curves,  and  had  found  them  absolutely  identical. 

The  author  then  proceeds  with  the  discussion  of  the  Galvanic  Current- 
Curves  on  days  of  tranquil  magnetism,  not  by  way  of  comparison  with  the 
magnetic  curves,  but  for  independent  examination  of  the  galvanic  laws. 
The  method  was  explained  of  measuring  the  ordinates  and  connecting  the 
measures  into  expressions  for  magnetic  action,  at  every  hour,  and  group- 
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ing  the  meaiures  at  the  same  nominal  hour  by  monthsy  and  taking  their 
monthly  means  for  each  hour.  As  these  exhibited  sensible  discordance^ 
they  were  smoothed  by  taking  the  means  of  adjacent  numbers,  taking  the 
means  of  the  adjacent  numbers  of  the  new  series,  and  so  on,  repeating  the 
operation  six  times.  The  author  explains  the  theory  of  this  process,  and 
the  way  in  which  it  tends  to  degrade  the  periodical  terms  of  higher  orders. 
He  then  explains  an  easy  method  of  resolving  the  numbers  so  smoothed 
into  periodical  terms  recurring  once  in  the  day,  twice  in  the  day,  thrice  in 
the  day,  &c.,  and  applies  the  method  to  the  numbers  for  every  month. 

When  these  quantities  (which  from  month  to  month  are  perfectly  inde- 
pendent) are  brought  together  in  tables,  they  present  such  an  agreement, 
with  gradual  change  accompanying  the  change  of  seasons,  as  leaves  no 
doubt  on  their  representation  of  a  real  law  of  the  diurnal  changes  of  the 
galvanic  currents.  They  also  show  the  existence  of  a  constant  turn 
towards  the  north  (which  explains  the  apparent  increase  of  force  to  the 
north  observed  in  the  results  for  days  of  great  disturbance),  and  a  still 
larger  force  towards  the  west  (which  also  is  well  marked  on  the  days  of 
great  disturbance).  No  light  is  obtained  on  the  origin  of  these  terms, 
bat  they  appear  to  be  probably  pure  galvanic  accidents,  depending  on  the 
nature  of  the  earth-connexions. 

The  author  then  exhibits  in  curves  the  diurnal  inequalities  of  mag- 
netism which  the  galvanic  currents  must  produce.  The  form  generally 
consists  of  two  parallel  lobes,  making  vrith  the  magnetic  meridian  an  angle 
of  nearly  60^  from  the  north  towards  the  west.  The  greatest  east-and- 
west  difference  of  ordinates,  in  the  month  of  April,  is  0*00044  of  Total 
Horiaontal  Magnetic  Force ;  it  corresponds,  in  the  hours  to  which  those 
ordinates  relate,  nearly  with  the  Ordinary  Diurnal  Inequality.  But  it  is 
much  smaller  than  the  ordinary  diurnal  inequality,  and  the  daily  law  of 
the  galvano-magnetic  inequality  differs  greatly  from  that  of  diurnal  in- 
equality.  For  the  greater  part,  therefore,  of  diurnal  inequality  the  cause 
is  yet  to  be  found. 


II.  "Monthly  Magnetic  Determinations,  from  December  1866  to 
May  1869  inclusive,  made  at  the  University  of  Coimbra.^'  By 
Professor  J.  A.  be  Souza,  Director  of  the  Observatory.  Com- 
municated by  Balfour  Stewart,  F.R.S.  Eeceived  December 
16, 1869. 

[NoTK. — ^These  observations  form  the  continuation  of  a  series  the  results 
of  which  were  communicated  to  the  Royal  Society  on  May  8,  ISGZ*  by  the 
Prcadent.  In  both  series  the  same  instruments  were  used,  and  the  me- 
thod of  observation  was  the  same  in  both. — B.  S.] 
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III.  ''  On  the  Fossil  Mammals  of  Australia.— Part  III.  Diprotoimi 
ausiralis,  Owen/'  By  Prof.  Owen,  F.B.S.  &c.  Beodved  De- 
cember 10,  1869. 

(Abstract.) 

In  this  paper  the  author  communicates  descriptions,  with  figures  of  the 
fossil  remains  at  his  command,  of  Diprotodan  autiralis,  which  have  been 
received  from  various  localities  in  Australia,  since  the  first  announcement  of 
the  genus,  founded  on  a  fragment  of  the  lower  jaw  and  tusk,  described  and 
figured  in  the  '  Appendix '  to  Sir  Thos.  Mitchell's  '  Three  Expeditions 
into  the  Interior  of  Eastern  Australia,'  8yo,  1838. 

The  fossils  in  question  include  the  entire  cranium  and  lower  jaw  with 
most  of  the  teeth,  showing  the  dental  formula  of : — 1. 1^,  c.  ^,  m.  ^kb28  ; 

portions  of  jaws  and  teeth  exemplifying  characteristics  of  age  and  aex ; 
many  bones  of  the  trunk  and  extremities. 

After  some  introductory  remarks,  the  author  proceeds  to  the  descrip- 
tion of  the  skull  and  teeth,  which  are  illustrated  by  many  fignteSp  those 
of  the  teeth  being  of  the  natural  size.  The  result  of  the  compari- 
sons detailed  establishes  the  marsupial  character  of  Diprotodan^  and  the 
combination  of  characters  of  Maeropua  and  PhaseolomyB  with  special  modi- 
fications of  its  own.  These  latter  are  more  fully  and  strongly  manifested 
in  the  bones  of  the  trunk  and  limbs,  subsequently  described.  The  pelvis 
and  femora  present  resemblances  to  those  in  Proboscidea,  not  hitherto 
observed  in  any  other  remains  of  large  extinct  quadrupeds  of  Australia. 
But  in  all  the  bones  described  essentially  marsupial  characteristics  are 
more  or  less  determinable.  The  paper  concludes  with  a  summary  of  the 
characters  of  Diprotodon,  throwing  light  upon  the  conditions  of  its  ex- 
tinction, its  analogies  with  the  Megatherium,  its  affinities  to  existing 
forms  of  Marsupialia,  and  the  more  generalized  condition  which  it  mani- 
fests of  that  mammalian  type. 

A  table  of  the  localities  in  Australia  from  which  remains  of  Diprotodon 
have  been  obtained,  and  a  table  of  the  principal  admeasurements  of  the 
skeleton,  are  appended  to  the  text. 


February  10,  1870. 

Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

The  Right  Hon.  Lord  Napier  of  Magdala,  and  M.  Charles  Eug^e 
Delaunay  (Foreign  Member)  were  admitted  into  the  Society. 

The  following  communications  were  read : — 
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I.  ''On  some  remarkable  Spectra  of  Compounds  of  Zirconia  and 
the  Oxides  of  Uranium."  By  H.  C.  Sorby,  F.R.8.  Received 
December  27, 1869. 

When  a  scientifio  man  has  been  led  into  an  error  and  afterwards  dis- 
coTers  his  mistake,  I  think  it  a  matter  of  duty  that  he  should  take  an 
early  opportnnity  to  correct  it.  I  therefore  now  write  the  following  notice 
of  certain  remarkable  peculiarities  in  the  spectra  of  some  compounds  of 
the  oxides  of  uranium  with  sirconia  which  led  both  myself  and  others*  to 
conclude  that  they  were  due  to  a  new  elementary  substance. 

Though  the  spectra  of  the  different  salts  of  those  bases  which  show  well- 
marked  absorption-bands  often  differ  in  detail,  yet  they  usually  resemble 
each  other  so  much  that  there  is  no  difficulty  in  recognizing  each  particular 
element.  This  is  so  constantly  the  case  in  the  various  compounds  of  erbium, 
didymiami  and  cobalt,  and  in  the  ordinary  salts  of  uranium,  that  for  a 
kmg  time  the  more  I  studied  this  question,  the  more  did  it  appear  to  be  a 
general  mlei  and  there  seemed  to  be  no  reason  to  suspect  that  a  few  special 
oompoonds  of  uranium  would  give  spectra  with  absorption-bands  as  unlike 
as  possible  those  of  all  others.  8uch,  however,  turns  out  to  be  the  fact, 
when  its  oxides  are  combined  with  zirconia. 

As  an  excellent  illustration  of  important  differences  in  mere  detail,  but 
general  correspondence,  I  would  refer  to  the  spectra  of  didymium  in  different 
states  of  combinationf,  and  would  especially  refer  to  the  most  distinct  of 
the  numerous  absorption-bands  which  occurs  in  the  yellow.  The  various 
eonponnds  agree  in  showing  this  band  in  the  same  general  position ;  but 
by  careful  management,  and  by  the  use  of  sufficient  dispersive  power,  it 
nay  be  resolved  into  a  very  variable  number  of  narrow  bands  or  black  lines. 
For  example,  in  the  case  of  the  crystallized  sulphate  containing  compara- 
tively little  lanthanum,  it  can  be  resolved  into  seven  narrow  lines,  two  of 
those  near  the  centre  being  the  darkest,  whereas  when  much  lanthanum  is 
present,  one  line  on  the  side  next  the  green  is  so  much  darker  than  the 
feat  that  the  others  are  comparatively  absent.  On  fusing  the  mixed 
oxides  with  borax,  the  same  spectrum  is  seen  as  with  oxide  of  didymium 
alone,  and  I  can  resolve  the  above-named  band  into  only  two  narrower  bands  i 
whereas  when  the  saturated  bead  is  made  to  deposit  crystals  by  being  kept 
some  time  at  a  very  dull  red  heat,  this  band  can  easily  be  resolved  into  eight 
equal  and  very  distinct  black  lines.  Although  these  and  similar  differences 
in  detail  are  of  much  interest,  yet  in  no  case  are  they  so  considerable  as  to 
prevent  our  recognizing  at  once  that  the  spectra  are  all  due  to  didymium* 
It  is  also  important  to  notice  that  the  amount  requisite  to  give  a  most 
splendid  spectrum  when  the  bead  is  crystalline  will  scarcely  show  any  trace 
of  bands  when  it  is  in  a  vitreous  condition,  dissolved  in  the  borax.    This  is 

*  Froleiior  Ghoroh,  '  Chemioal  News,'  vol.  xiz.  p.  121,  and  ProfeMor  Loew,  ib. 
voL  xz.  p.  9. 
t  See  also  Bumho's  papsr,  Fogg.  Ann.  voL  czxyiiL  p.  100* 
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analogous  to  what  occurs  in  the  case  of  solid  and  powdered  ciystab  of 
sulphate  of  didjmium ;  for  the  absorption-bands  in  the  spectmm  of  the 
light  transmitted  by  a  thin  layer  of  the  fine  powder,  strongly  iUominafted 
from  the  other  side,  are  as  distinct  as  in  that  transmitted  by  a  many  times 
greater  thickness  of  solid  and  transparent  crystal.  We  may  very  oonveniently 
take  advantage  of  this  fact  in  studying  the  spectra  of  such  substanceSy  when 
the  amount  of  material  at  command  is  otherwise  too  small.  This  aeema  to 
be  because  the  transmitted  light  does  not  simply  pass  through  the  ciyBtals, 
but  is  in  great  measure  reflected  from  them  backwards  and  forwirds,  and 
thus,  as  it  were,  passes  through  a  greater  thickness.  It  is  also  to  a  eon- 
siderable  extent  similar  to  that  reflected  from  the  powder  when  illnminated 
from  above,  as  may  be  clearly  proved  by  what  occurs  in  the  case  of  nranic 
salts.  These  when  in  a  state  of  moderately  fine  powder  transmit  ligfat» 
giving  a  spectrum  showing  not  only  the  absorption-bands  in  the  blue,  which 
alone  are  met  with  in  that  transmitted  by  a  dear  crystal,  but  also  the  bands 
in  the  green,  which  depend  on  fluorescence,  characteristic  of  that  reflected 
from  the  powder*.  These  two  kinds  of  bands  can  be  easily  distingniahed 
by  means  of  a  plate  of  deep  blue  cobalt  glass,  which  has  an  entirely  different 
action,  according  as  it  is  placed  below  or  above  the  object  when  the  bands 
are  due  to  fluorescence,  but  has  no  such  effect  when  they  are  due  to  ordinary 
absorption.  It  would  perhaps  be  well  to  mention  here  that  I  have  in  this 
manner  proved  that  the  abnormal  bands  seen  in  the  spectra  of  the  com- 
pounds of  zirconia  with  the  oxides  of  uranium  described  in  this  paper  are 
due  to  genuine  absorption,  and  not  to  fluorescence. 

The  remarkable  spectrum  of  some  jargons  has  been  already  described  by 
me  in  the  'Chemical  News 't,  and  in  the  Proceedings  of  the  Royal  Society^. 
One  of  its  most  striking  peculiarities  is  that  when  light  passes  in  a  direction 
perpendicular  to  the  principal  axis  of  the  crystal,  and  the  spectrum  is  divided 
by  means  of  a  double-image  prism  into  two  spectra,  having  the  light  polarized 
in  opposite  planes,  though  some  of  the  absorption-bands  are  of  equal  inten- 
sity in  both  images,  yet  others  are  comparatively  absent,  some  in  one  and 
some  in  the  other ;  whereas  in  the  case  of  other  dichroic  crystals  which 
give  spectra  with  absorption-bands,  they  are  usually  all  more  distinct 
in  one  image  than  when  the  light  is  not  polarized,  and  all  fainter,  or  even 
comparatively  absent,  in  the  other.  No  sooner  had  I  observed  this  spectrum 
(No.  5,  given  below),  than  I  made  various  experiments  in  order  to  ascertain 
whether  uranium  was  present  or  not ;  and  the  then  known  tests  that  could 
be  applied  to  the  amount  of  material  at  my  command  seemed  to  show  that 
it  was  absent.  This  was  quite  in  accord  with  the  results  of  the  various 
analyses  published  by  other  chemists,  none  of  whom  mention  the  existence 
of  any  trace  of  that  substance.  Moreover  the  general  character  of  the 
spectrum  was  entirely  unlike  that  of  all  the  known  compounds  of  uranic 
oxide.     The  various  artificial  salts  all  agree  in  giving  a  variable  but  small 

♦  See  Stokes's  papers,  Phil.  GTrans.  1852,  p.  403,  and  1853,  p.  392. 
t  Vol.  xix.  p.  122.  t  Vol.  xvii.  p.  611. 
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f  of  moderately  broad  absorpdon-bands  in  the  blue  end  (Noa.  1,  2, 
and  3);  and  the  sajie  is  also  seen  in  the  case  of  several  natural  minerals ; 
whereas  the  jargon  gave  a  most  annsually  large  namber  of  narrow  black 
Unea  (fonrteeo  quite  distinct,  besides  others  more  fidnt,  and  a  single  broader 
band  which  I  cannot  separate  into  lines),  estendiog  from  the  red  end,  so 
that  nearly  all  occur  in  that  part  of  the  spectrum  which  is  entjrelj  free 
trom  bands  in  all  preriousty  known  compounds  of  uranic  oxide.  This 
same  general  fact  was  also  seen  in  the  spectrum  (No.  6)  of  the  opaque  blow- 
pipe-beads  gently  flamed,  as  described  in  my  former  paper.  These  differ- 
ences will  be  better  understood  by  means  of  the  following  drawing,  which 
ihowi  three  of  the  most  striking  spectra  of  uranic  salts,  that  of  uranate  of 
•oda,  and  the  two  which  are  rendered  ao  abnormal  by  the  presence  of  rirconia. 


Spejtm  of  Uranic  Compound*. 
Kos.  1, 2,  uid  3.  Unnia  sftlu  of  the  common  tjpe,  tu.:— 
1.  NattTe  phosphate. 
%  NiLnte  in  crjaUlB. 
3.  Aoetate  in  crrstola. 
No.  4.  Unnate  of  Boda  in  the  t»rboiutiM)f.*o<la  bond. 
No8.  5  and  6.  UianLc  oompounds  with  liroonia,  viz. : — 
5.  Jargon  after  ignition. 
C.  CrjitaUino  bona  blowpipe-boad. 
I  will  not  now  enter  into  a  description  of  the  various  chemical  and 
physical  facts  which  seemed  to  warrant  the  conclusion  that  zircons  some- 
times coDtun  a  new  earth ;  but  Uking  these  into  consideration,  there  seemed 

TOL.  XTIII.  " 
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to  be  every  reason  to  believe  tbat  spectra  wbich  thus  differed  lo  mueh  from 
those  of  any  previously  known  substance  were  characteristic  of  thii  new 
earth.  Judging  from  the  facts  then  known,  it  was  more  probable  that  spectra 
of  such  a  new  type  were  due  to  a  new  element,  than  that  they  were  dne 
merely  to  a  combination  of  two  such  elements  as  xirconinm  and  umiiinn. 
Some  of  these  chemical  and  physical  facts  can  now  be  explained  by  the 
presence  of  uranium ;  but  besides  this  and  several  of  the  more  common 
earths  and  oxides,  I  have  detected  in  some  sircons  erbium,  didymiam, 
yttria,  and  another  substance  which  exists  in  such  small  quantity  that  I  have 
not  yet  been  able  to  ascertain  whether  or  no  it  is  the  suspected  new  earth. 
These  accidental  constituents  do  not  indeed  occur  in  sufficient  quantity  to 
be  of  importance,  except  as  modifying  the  physical  and  optical  propertiesy 
the  didymium  giving  its  usual  characteristic  absorption-bands  (zircons  from 
Sveneroe,  Norway),  and  the  manganese  the  same  spectrum  aa  that  of 
garnets  (zircons  from  an  unknown  locality  in  Siberia*).  This  method* 
however,  fails  to  give  evidence  of  a  new  earth  ;  for  since  the  publication  of 
my  former  paper*  I  have  proved  that  the  very  abnormal  spectra,  which 
seemed  sufficient  to  establish  its  existence,  are  really  due  to  compounds  of 
zirconia  with  the  oxides  of  uranium,  which  have  such  a  powerful  action  on 
light,  that  an  almost  inappreciable  amqpnt  is  sufficient  to  produce  the 
spectra  to  great  perifection — in  fact  so  small  an  amount,  that  the  total 
quantity  which  misled  me  wm  only  a  few  thousandths  of  a  grain  ;  and  its 
presence  might  easily  have  remained  unsuspected,  if  I  had  not  made  a 
number  of  experiments,  which  at  first  did  not  seem  to  have  much  con- 
nexion with  the  subject. 

In  studying  the  B'|)ectra  of  crystalline  blowpipe-beads,  it  seemed  desirable 
to  examine  those  made  with  carbonate  of  soda,  with  or  without  a  little 
borax.  This  when  melted  dissolves  certain  oxides ;  and  though  it  crystal- 
lizes on  cooling,  so  as  to  be  only  partially  translucent,  yet  with  strong 
direct  sunlight  well-marked  spectra  may  be  seen.  For  example,  in  the 
oxidizing  flame  uranic  oxide  is  easily  dissolved  by  carbonate  of  soda  alone ; 
and  when  quickly  cooled,  an  orange-coloured  bead  is  obtained,  probably 
containing  uranatc  of  soda  in  a  vitreous  condition,  which  gives  a  single 
well-marked  absorption-bnnd  in  the  green  (see  spectrum  No.  4)  with  so 
small  a  quantity  of  the  oxide  ;  that  in  a  bead  j^  inch  in  diameter  shows  the 
spectrum  to  the  best  advantage,  and  even  yjriu-jr  grain  can  be  easily  de- 
tected. We  need  not  be  surprised  that  this  spectrum  differs  so  much 
from  the  usual  type  of  uranic  salts  (Nos.  1,  2,  and  3),  since  in  this  case 
the  oxide  plajs  the  part  of  nn  acid.  It  may  be  only  an  accidental  coin- 
cidence, but  this  difference  is  analogous  to  the  change  which  commonly 
occurs  on  adding  an  alkali  to  neutral  solutions  of  vegetable  coloursf.  When 
gently  reheated  it  seems  as  if  the  uranate  passed  into  a  crystalline  state, 
for  the  spectrum  then  shows  four  absorption-bands,  and  is  more  like  the 

»  For  both  of  these  I  am  indebted  to  my  kind  friend  Mr.  David  Forbes, 
t  See  my  paper  in  Proo.  Roy.  fitoc.  1807,  vol.  xv.  p.  433. 
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ordinary  type ;  but  this  change  does  not  occur  if  a  little  borax  has  been 
added.  The  addition  of  more  and  more  borax  causes  the  absorption-band 
to  become  more  and  more  faint,  and  to  advance  towards  the  blue  end,  until 
we  obtain  a  spectrum  vrith  very  faint  bands  but  of  the  usual  character. 

In  examining  the  various  products  into  which  I  separated  jargons  in 
order  to  study  the  supposed  new  earth  in  a  state  of  purity,  1  obtained  a 
small  quantity  of  a  dark-coloured  substance,  apparently  zirconia  containing 
some  oxide  which  communicated  a  green  tint  to  a  glassy,  borax  blowpipe- 
bead,  but  yet  not  sufficiently  distinct  to  show  that  it  was  due  to  uranous 
oiide.  I  therefore  thought  that  the  carbonate- of-soda  method  might  throw 
light  on  the  question ;  and  though  the  presence  of  zirconia  prevented 
eolation  by  pure  carbonate  of  soda,  the  addition  of  a  little  borax  enabled 
me  to  prove  that  uranic  oxide  is  really  present  in  some  jargons.  Such, 
then,  being  the  case,  it  seemed  desirable  to  ascertain  whether  the  oxides  of 
nraninm  would  give  rise  to  any  special  spectra  when  present  along  with 
liroonia  in  crystalline  blowpipe-beads.  To  my  astonishment  I  found  that 
the  apectra  were  precisely  the  same  as  those  obtained  in  the  case  of  what 
I  had  thought  to  be  an  approximately  pure  new  earth*.  When,  however, 
I  had  ascertained  the  quantity  of  oxide  requisite  to  give  this  result,  I  was 
no  longer  surprised  that  I  had  tiot  suspected  its  presence.  In  the  case  of 
tramparent  blowpipe-beads  of  borax  with  microcosmic  salt,  it  is  requisite  to 
have  as  much  as  about  ^  grain  of  uranous  oxide  to  show  faintly  the  charac- 
teristic absorption-bands,  whereas,  when  present  along  with  zirconia  in 
the  eryitalline  beads,  ^^^^^^  grain  gives  an  equally  well-marked  spectrum ; 
and  T«V<r  grain  shows  it  far  better  than  a  larger  quantity,  which  makes  the 
beada  too  opaque.  These  very  minute  quantities  were  obtained  by  the 
repeated  division  of  a  small  known  weight,  either  before  or  after  fusion 
with  borax.  This  spectrum  also  differs  very  considerably  from  the  spectra 
of  ihe  usual  salts  or  blowpipe-beads  of  uranous  oxide.  On  comparing 
them  nde  by  side,  the  only  common  peculiarity  is  the  fact  of  there  being 
numerous  absorption-bands  distributed  over  a  large  part  of  the  spectrum, 
bat  they  do  not  correspond  in  cither  number  or  position.  On  the  contrary, 
they  differ  almost  as  much  as  possible,  and  the  darker  bands  in  the 
spectmm  of  this  airconia  compound  occur  where  the  transmitted  light  is  the 
brightest  in  other  cases. 

The  oxide  of  uranium  is  so  easily  reduced  at  a  high  temperature  to  the 
state  of  protoxide  in  a  borax-bead,  with  excess  of  boric  acid,  and  is  so 
readily  peroxidized  at  a  dull-red  heat,  when  crystallized  along  with  borate 
of  zirconia,  that  there  seemed  good  reason  to  refer  the  change  in  the 
spectra  to  temperature  rather  than  to  the  state  of  oxidization,  until  after  it 
was  found  that  they  were  due  to  uranium.  By  gently  flaming  the  crystal- 
h'ne  bead,  the  spectrum  is  entirely  altered,  and  becomes  like  No.  6,  which 
seems  to  be  characteristic  of  a  compound  of  borate  of  zirconia  with  uranic 
oxide.      Thia  gives  a  spectrum  with  five  well-marked  absorption-bands, 

*  Figs.  1  and  2  of  my  former  paper. 
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all  of  which  occur  at  the  red  end,  where  no  trace  of  bands  exists  in  the 
of  ordinary  salts,  as  will  be  seen  on  comparing  it  with  Nos.  1,  2,  and  3. 
I  have  tried  many  experiments  in  order  to  ascertain  whether  any  other 
element  besides  xirconia  will  cause  uranium  to  give  similar  abnormal  apeetra, 
but  none  show  anything  of  the  kind,  at  all  events  in  similar  conditioiis. 
A  few  have  special  characters,  as  described  below,  but  the  majority  exert 
little  or  no  ii^uence ;  and  even  when  the  blowpipe-beads  are  crystalline^ 
they  show  only  the  usual  spectra  of  the  oxides  of  uranium.  Moreover  no 
such  great  change  in  the  character  of  the  spectra  of  any  other  elements 
which  give  absorption-bands  is  to  be  seen  when  they  are  combined  with 
xirconia ;  and,  as  far  as  my  present  experience  goes,  it  seems  as  if  such  very 
abnormal  spectra  were  met  with  only  in  the  case  of  these  remarkable 
compounds  of  zirconia  with  the  oxides  of  uranium. 

Such,  then,  being  the  facts,  it  appears  to  me  that  we  are  now  io  a 
position  to  explain  why  certain  zircons  give  three  different  spectra,  as 
described  in  my  former  paper.  Some  jargons  (usually  those  of  a  green 
tint)  contain  a  little  uranium  so  combined  that  the  characteristic  speetrum 
is  only  faintly  visible,  whereas,  after  ignition,  the  intensity  of  the  abiorp- 
tion-bands  is  permanently  increased  to  a  variable  extent,  occasionally  only 
a  little,  but  in  some  cases  as  much  as  twenty-five  times.  This  more  powerful 
action  on  light  is  accompanied  by  an  increase  in  hardness  and  in  specific 
gravity  (sometimes  as  much  as  from  4-20  to  4 '60),  as  described  in  my 
former  paper  ;  and  I  have  since  found  tliat  these  changes  are  approximately 
proportional  to  the  amount  of  uranic  oxide  in  the  various  specimens,  as 
shown  by  comparing  the  spectra  of  the  blowpipe-beads.  This  change 
may  partly  depend  on  the  oxidization  of  the  uranous  oxide,  since  some 
specimens  slightly  increase  in  weight  when  ignited  ;  but  I  think  it  cannot 
be  mainly  due  to  that ;  for  sometimes  there  is  no  Buch  increase,  and  uranous 
oxide  combined  with  zirconia  gives  rise,  not  to  a  spectrum  without  bands, 
but  to  one  with  several  of  very  marked  character,  as  described  below.  On 
the  whole,  since  this  abnormal  type  of  spectrum  is  so  characteristic  of 
combination  with  zirconia,  it  appears  to  me  more  probable  that  the  effect 
of  a  high  temperature  is  to  cause  the  uranic  oxide  to  combine  more  specially 
with  the  zirconia,  as  though  the  greater  part  existed  naturally  as  a  silicate, 
but  after  ignition  as  a  zirconiate.  We  may  also  apply  the  same  explana- 
tion in  the  case  of  zircons  more  or  less  strongly  coloured  by  other  oxides, 
which  become  almost  colourless  when  heated,  and  thus  this  unexplained 
peculiarity  of  zircons  may  depend  on  the  fact  of  zirconia  being  able  to  play 
the  part  of  both  a  base  and  an  acid,  which,  as  compared  with  silica,  has 
an  affinity  for  bases  varying  according  to  the  temperature. 

The  brown-red  zircon  from  Ceylon,  named  at  page  514  of  my  former 
paper,  kindly  presented  to  me  by  JMr.  £.  L.  Mitford,  of  Rusthall,  gives  a 
spectrum  precisely  like  that  of  tlie  borax  blowpipe-beads  crystallized  after 
treatment  in  the  deoxidizing  fiame,  and  therefore  no  doubt  contains  uranous 
oxide.    This  spectrum  being  given  by  only  one  part  of  the  crystal,  probably 
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depended  upon  the  presence  of  some  substance  which  either  reduced  the 
uraniG  oxide  or  prevented  the  oxidization  of  the  uranous. 

These  facts  thus  clearly  show  that  the  various  spectra  which  seemed  to 
indicate  the  presence  of  a  new  element  existing  in  three  different  physical 
conditicnis,  are  in  reality  only  characteristic  of  the  two  oxides  of  uranium 
eomhined  with  zirconia,  or  not  in  combination.  Perhaps  some  may  think 
that  my  having  been  thus  led  astray  shows  that  little  or  no  reliance  can  be 
placed  on  the  method  of  investigation  employed ;  but  I  contend  that  the 
miatake  was  due  to  its  being  such  an  unexpectedly  delicate  test  for  uranium; 
and,  aa  explained  above,  the  error  was  ultimately  corrected  by  a  further 
development  of  the  same  method.  As  far  as  the  interests  of  science  are 
ocmcemed,  there  is  no  need  to  regret  the  general  result.  We  have  lost 
what  appeared  to  be  good  evidence  of  a  new  earth,  but  have  gained  an 
almost  entirely  new  system  of  blowpipe  testing,  which  enables  us  to  detect 
inch  a  minute  quantity  of  some  substances  as  could  not  be  recognized 
by  the  ordinary  means.  I  shall  not  now  attempt  to  give  anything  like  a  full 
acconnt  of  this  subject,  since  it  would  be  much  better  to  let  it  form  part  of 
a  paper  on  various  improvements  in  blowpipe  chemistry,  but  will  merely 
mention  a  few  facts  which  have  a  special  bearing  on  the  question  before  us. 

In  the  first  place,  I  would  say  that  zirconia  and  the  oxides  of  uranium 
are  most  useful  reagents  in  detecting  the  presence  of  certain  substances 
with  which  they  unite  to  form  compounds  having  very  special  characters. 
The  most  striking  of  these  are  the  compounds  already  described,  which 
are  distinguished  by  the  spectra,  and  not  by  any  well-marked  colour, — ^the 
compound  of  eerie  oxide  with  uranic  oxide,  which  is  of  a  splendid  deep 
blue  colour,  but  shows  no  absorption-bands  ;  and  that  of  yttria  with  uranic 
oxide»  which  is  characterized  by  a  deep  orange-colour  and  extreme  fusibility. 
ThoriuA  and  oxide  of  lanthanum  form  with  uranous  oxide  compounds 
which  give  spectra  with  absorption-bands  in  special  positions,  but  of  the 
usual  type,  and  not  of  such  a  marked  character  as  to  be  useful  in  detecting 
minute  quantities  of  those  substances  in  mixtures. 

-  In  order  to  see  the  spectra  of  the  zirconium-uranium  compounds,  it  is 
reqniaite  that  both  elements  should  be  combined  in  a  crystalline  condition. 
When  both  constituents  are  melted  in  borax  and  are  held  in  solution,  or 
if  when  crystals  are  deposited  any  other  substance  replaces  either  the 
zirconia  or  the  oxides  of  uranium,  the  characteristic  spectra  cannot  be  seen. 
The  most  simple  application  of  this  test  for  uranium  is  in  the  case  of  various 
zircons.  As  much  of  the  powdered  mineral  as  will  dissolve  should  be  melted 
with  borax  in  a  circular  loop  of  platinum  wire  about  ^  inch  in  diameter,  so  as 
to  give  a  bead  of  moderate  thickness.  A  little  boric  acid  should  then  be 
added,  which  not  only  tends  to  keep  the  uranium  in  the  state  of  protoxide, 
but  also  facilitates  the  crystallization  of  the  borate  of  zirconia,  which  is  far 
leiB  soluble  when  there  is  excess  of  boric  acid.  The  bead  should  then  be 
kept  at  a  bright  red  heat,  just  within  the  deoxidizing  flame,  until  so  much 
hmji  baa  been  volatilized  that  small  needle-shaped  crystals  begin  to  be 
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deposited^  when  it  must  be  allowed  to  cool  rapidly.  It  dunild  then  bo 
transparent  with  scattered  crystala,  and  the  uraniom  all  in  the  itate  of 
protoxide.  On  gently  reheating  it,  the  bead  ought  to  suddenly  tarn  white 
and  almost  opaque ;  and  care  must  be  taken  not  to  heat  it  any  more  than  ia 
just  requisite  to  cause  the  borate  to  crystallize  out,  or  else  the  uraniam  will 
rapidly  pass  into  the  state  of  peroxide.  Such  beada  must  be  fiaminrd  hj 
strong  direct  light  from  the  sun,  or  from  a  lamp  of  Tcry  great  brillian^i 
condensed  on  them  by  means  of  an  almost  hemispheriod  lena  of  about  \ 
inch  focal  length ;  and  in  addition  to  the  means  described  in  my  finrmcr 
paper,  I  have  since  found  it  very  conrenient  to  place  them  orer  a  hole  in  a 
black  card,  so  as  to  entirely  prevent  the  passage  of  any  light  which  baa  not 
penetrated  through  them,  even  when  so  arranged  in  the  focus  of  the  micros 
scope  that  the  spectrum  of  their  thin  edges  may  be  examinedy  if  the  centte 
be  too  thick  and  opaque.  If  thus  properly  prepared,  the  presenee  of  more 
or  less  uranium  will  be  shown  by  the  greater  or  less  intensity  of  the  abaorp* 
tion-bands  of  the  spectrum  described  and  shown  in  fig.  1  of  my  former 
paper.  This  test  is  so  delicate  that  there  is  no  difficulty  in  seeing  the 
darker  band  in  the  green  in  the  case  of  xircons  which  contain  no  more 
than  ^  per  cent,  of  uranic  oxide ;  and  I  find  that  very  few  localities  yield 
this  mineral  so  free  from  it  that  it  cannot  be  easily  detected.  Those  from 
Miask,  Siberia,  are  the  only  specimens  in  which  I  have  not  been  able  to 
recognize  it.  The  jargons  from  Ceylon  contain  an  amount  varying  up  to 
about  1  per  cent.,  although  in  no  published  analysis  that  I  have  seen  is 
there  any  allusion  to  the  presence  of  even  a  trace.  It  has  also  been  over- 
looked in  several  other  cases ;  and  it  now  becomes  important,  because  it  gives 
rise  to  various  well-defined  spectra,  which  are  so  characteristic  of  the 
difierent  minerals,  that  they  can  be  very  conveniently  identified,  even  when 
cut  and  mounted  as  jewels,  by  means  of  the  number  and  position  of  the 
absorption-bauds,  as  I  intend  to  explain  in  a  paper  on  the  apectra  of 
minerals. 

On  flaming  the  bead  at  a  moderate  red  heat,  the  protoxide  passes  into 
the  peroxide,  and  the  spectrum  No.  6,  given  above,  may  be  seen,  if  suffi- 
cient oxide  be  present,  but  considerably  more  is  required  than  in  the  case 
of  the  protoxide.  I  may  here  say  that  the  examination  of  better  prepara- 
tions has  enabled  mc  to  detect  another  distinct  baud  in  the  extreme  red, 
not  shown  in  fig.  2  of  my  former  paper,  and  also  an  additional  faint  band 
in  the  blue,  not  shown  in  fig.  1 . 

In  applying  this  test  to  detect  minute  quantities  of  uranium  in  other 
minerals,  it  is  requisite  to  bear  in  mind  that  zirconia  may  play  the  part  of 
both  an  acid  and  a  base,  and  that  various  oxides  and  acids  so  combine  with 
the  zirconia  or  with  the  oxides  of  uranium  as  to  prevent  the  formation  of 
the  compounds  which  give  rise  to  the  characteristic  spectra.  The  zir- 
conia appears  to  combine  with  some  rather  than  with  the  uranous  oxide, 
and  with  others  rather  than  with  the  uranic,  so  that,  if  one  S|>ectnim 
cannot  be  obtained,  the  other  mav ;  and  there  are  few,  if  anv,  cases  when 
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neither  can  be  8een>  eipedallj  if  care  be  taken  to  use  excess  of  sirconia. 
I(  liowerery  the  amount  of  uranium  be  very  small,  and  so  much  of  other 
ozidei  be  present  as  to  make  the  bead  Terj  dark,  or  too  opaque  from 
deposited  crystals,  before  it  is  sufficiently  concentrated  for  the  compounds 
with  the  oxides  of  uranium  to  crystallise  out,  it  may  be  impossible  to  detect 
it.  In  order  to  apply  the  test  in  the  case  of  complex  minends,  a  bead  of 
bom,  boric  acid,  and  pure  xirconia  should  be  prepared,  then  a  small 
quantity  of  the  mineral  added,  and,  after  fusion  and  sufficient  concentratioo, 
the  bead  made  to  crystallize  in  the  manner  already  described.  If  needle- 
shaped  crystals  be  not  deposited  in  the  bead  when  rery  hot,  and  if  it  do 
not  suddenly  turn  opaque  when  reheated,  the  result  may  not  be  satisfactory. 
In  this  manner  it  is  easy  to  detect  uranium  in  -^o  gr^in  of  such  minenUs 
aa  Fergusonite>  tyrite,  and  yttrotantalite,  even  when  they  contain  no  more 
than  1  or  2  per  cent.  If  in  such  cases  the  spectrum  of  the  uranous  com- 
poond  cannot  be  obtained,  the  bead  should  always  be  flamed  and  reexamined, 
to  see  if  that  of  the  uranio  compound  is  thereby  developed. 

In  a  similar  manner  we  may  make  use  of  a  little  oxide  of  uranium  to 
detect  nrconia ;  but  the  test  is  far  less  delicate  than  the  converse,  because  it 
IS  almost  impossible  to  obtain  the  compound  in  a  crystalline  state,  unless 
there  be  an  excess  of  xirconia.  Not  more  than  i-^  gprain  of  uranic  oxide 
should  be  employed,  or  the  bead  may  be  too  opaque.  There  is  no  difficulty 
in  thus  detecting  xirconia  in  zircons,  or  in  katapleiit ;  but  the  presence  of  so 
much  of  other  bases  in  minerals  like  eudialyte  prevents  our  obtaining  a 
■atisfiM!tory  result.  There  certainly  could  not  be  a  more  characteristic  test 
to  confirm  the  results  of  other  methods,  or  to  identify  such  a  small  quantity 
of  approximately  pure  zirconia  as  could  not  easily  be  distinguished  in  any 
other  way. 

The  only  other  compound  of  uranic  oxide  of  very  abnormal  character 
which  I  have  so  far  discovered  is  that  with  cericic  oxide.  So  much  of  both 
oxides  should  be  fused  with  borax  in  the  oxidizing  flame  as  will  yield  a  bead 
which  is  perfectly  clear,  and  of  pale  yellow  colour  when  rapidly  cooled, 
but  crystallises  when  gently  reheated.  If  the  constituents  be  present  in  a 
certain  proportion,  it  then  turns  from  pale  yellow  to  a  deep  blue,  as  though 
coloured  by  oxide  of  cobalt.  In  mos  cases  the  bead  is  rendered  nearly 
opaque  by  the  number  of  crystals ;  but  sometimes,  though  it  turns  deep 
blue,  it  remains  transparent,  owing  to  the  compound  being  set  free  in  a 
state  similar  to  that  of  the  red  oxide  of  copper  in  a  borax  blowpipe-bead, 
with  carbonate  of  soda  and  oxide  of  tin,  treated  in  the  reducing  flame. 
The  spectrum  of  these  blue  beads  shows  no  absorption-bands,  but  merely 
a  general  absorption  at  the  red  end  ;  and  it  is  curious  to  find  that  the  com- 
bination of  two  yellow  substances  gives  rise  to  a  deep  blue,  in  much  the 
same  manner  as  when  the  yellow  ferrocyanide  of  potassium  is  added  to  a 
yellow  ferric  salt.  The  production  of  this  blue  colour  on  the  addition  of  a 
little  uranic  oxide  might  be  employed  with  advantage  to  identify  moderately 
small  quantities  of  cerium,  even  when  mixed  with  a  number  of  other 
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substances ;  but  unfortunately  the  presence  of  much  oxide  of  lanthaiiuin» 
which  is  so  commonly  associated  with  it,  interferes,  as  though  the  eerie 
oxide  had  a  stronger  affinity  for  the  oxide  of  lanthanum  than  for  uraoio 
oxide. 

The  most  characteristic  peculiarity  of  the  compound  of  yttria  and  mrnnic 
oxide  is  that  it  will  not  crystallize  out  from  a  borax  blowpipe-beadrand 
that  the  affinity  of  the  uranic  oxide  for  yttria  is  stronger  than  for  airoonia. 
Perhaps  erbia  may  prove  to  act  in  the  same  way,  but  I  have  not  been  able 
to  examine  that  earth  quite  free  from  yttria.  On  adding  yttria  to  a  bead 
with  zirconia  and  a  little  uranic  oxide,  and  gently  flaming  it  in  the  oiidiiing 
flame,  the  uranic  oxide  combines  with  the  yttria  and  rises  to  the  aorfaoe  as 
an  orange-coloured  scum,  which  has  a  great  tendency  to  collect  on  the 
platinum  wire ;  and  if  sufficient  yttria  be  added,  the  crystallised  borate 
of  zirconia  is  left  in  the  interior  almost  colourless,  and  so  free  from  uranic 
oxide  that  no  absorption-bands  can  be  seen  in  the  spectrum.  We  may 
take  advantage  of  this  circumstance  to  detect  yttria  in  small  quantities  of 
compound  minerals  like  Gadolinite  and  Fergusonite  ;  and  I  may  here  say 
that  by  combining  such  means  with  the  observation  of  the  spectra  of  the 
transparent  or  crystalline  beads,  and  of  the  form  of  the  crystals  when 
slowly  deposited,  with  or  without  the  addition  of  suitable  reagents*,  we  may 
often  detect  twice  as  many  constituents  in  minerals  as  could  be  accomplished 
by  the  ordinary  methods  of  blowpipe  chemistry — an  advantage  which  I  am 
sure  will  be  appreciated  by  those  engaged  in  the  study  of  rocks,  when  it  is 
often  so  important  to  obtain  satisfactory  results  with  small  quantities  of 
material.  I  have  also  found  these  methods  of  great  practical  use  in  exa- 
mining small  residues  in  the  qualitative  analysis  of  minerals,  and  have  thus 
unexpectedly  discovered  small  quantities  of  comparatively  rare  elements. 

I  have  tried  the  effect  of  many  other  substances  along  with  zirconia  and 
the  oxides  of  uranium,  and  find  that  most  of  them  have  no  sensible  influence, 
unless  they  are  present  in  considerable  relative  quantity.  The  most  stri- 
king effect  is  that  of  oxide  of  tin,  which  causes  the  two  absorption-bands  in 
the  yellow  and  yellow  end  of  the  green  in  the  spectrum  of  the  uranous  oxide 
compound  to  be  nearly  equally  dark,  whereas  without  the  oxide  of  tin 
that  in  the  yellow  is  comparatively  faint.  Tliis  is  another  illustration  of 
the  manner  in  which  certain  substances,  having  no  special  action  on  light, 
influence  by  their  presence  the  properties  of  another.  The  oxides  of 
uranium  are  unusually  sensitive  to  such  actions,  and  thus  not  only  lend 
themselves  to  us  as  blowpipe-reagents,  but  also  seem  more  than  any  others 
to  afford  the  means  of  explaining  the  relation  between  the  physical  condi-> 
tions  of  compounds  and  their  action  on  light. 

The  only  compound  of  zirconia  with  any  other  oxide  to  which  I  need 

now  draw  attention  is  that  with  chromic  oxide,  as  deposited  from  a  borax 

blowpipe-bead.     Afler  treatment  in  the  deoxidizing  flame,  when  the  cooled 

very  pale-green  bead  is  gently  reheated,  this  compound  crystallizes  out 

k  *  Seo  my  paper,  Monthly  Microscopical  Journal,  vol.  i.  p.  349. 
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80  as  to  give  a  fine  red-pink  colour  by  transmitted  lights  eren  when  so 
little  chromium  is  present  that  the  glassy  bead  is  scarcely  at  all  green. 
If  too  strongly  heated  the  pmk  tint  is  lost.  This  compound  is  of  interest 
in  connexion  with  the  colour  of  rubies  and  other  minerals  coloured  red  by 
chromic  oxide.  To  others,  like  the  emerald,  it  imparts  a  green  colour,  and 
on  the  whole  it  acta  on  light  in  such  a  variable  manner  according  to 
the  presence  of  other  substances,  that  the  spectra  may  be  made  use  of  as  a 
means  of  identifying  particular  minerals,  though  they  do  not  present  any- 
thing like  such  striking  anomalies  as  those  met  with  in  the  compounds  of 
sirconia  with  the  oxides  of  uranium. 


II.  ''  On  the  Mathematical  Theory  of  Stream-lines,  especially  those 
with  four  Foci  and  upwards/'  By  William  John  Macquorn 
Bankine^  C.E.,  LL.D.^  F.B.SS.  Lond.  and  Edinb.,  &c.  Be- 
oeived  January  1^  1870. 

(Abstract.) 

A  Sireamdine  is  the  line  that  is  traced  by  a  particle  in  a  current  of 
fluid.  In  a  steady  current  each  individual  stream-line  preserves  its  figure 
and  position  unchanged,  and  marks  the  track  of  a  filament  or  continuous 
series  of  particles  that  follow  each  other.  The  motions  in  difierent  parts 
0^  a  steady  current  may  be  represented  to  the  eye  and  to  the  mind  by 
means  of  a  group  of  stream-lines. 

Stream-lines  are  important  in  connexion  with  naval  architecture ;  for 
the  curves  which  the  particles  of  water  describe  relatively  to  a  ship,  in 
moving  past  her,  are  stream-lines  ;  and  if  the  figure  of  a  ship  is  such  that 
the  particles  of  water  glide  smoothly  over  her  skin,  that  figure  is  a  stream^ 
line  emrfaee^  being  a  surface  which  contains  an  indefinite  number  of 
stream-lines. 

The  author  in  a  previous  paper  proposed  to  call  such  stream-lines 
Net^de;  that  is,  ship-shape  lines. 

The  author  refers  to  previous  investigations  relating  to  stream-lines,  and 
especially  to  those  of  Mr.  Stokes,  in  the  Cambridge  Transactions  for  1842 
and  1850,  on  the  **  Motion  of  a  Liquid  past  a  Solid,"  and  of  Dr.  Hoppe, 
on  the  ''Stream-lines  generated  by  a  Sphere,"  in  the  Quarterly  Journal  of 
Mathematics  for  1856,  and  to  his  own  previous  papers  on  ''Plane  Water- 
lines  in  ISro  Dimensions,"  in  the  Philosophical  Transactions  for  1864,  and 
on  "Stream-hues,"  in  the  Philosophical  Magazine  for  that  year.  He 
states  that  all  the  neoid  or  ship-shape  stream-lines  whose  properties  have 
hitherto  been  investigated  in  detail  are  either  unifocal  or  bifocal ;  that  is 
to  say,  they  may  be  conceived  to  be  generated  by  the  combination  of  a 
uniform  progressive  motion,  with  another  motion  consisting  in  a  divergence 
of  the  partidea  from  a  certain  point  or  focus,  followed  by  a  convergence 
either  towards  the  same  point  or  towards  a  second  point.    Those  which  are 
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continuoas  closed  curves  when  unifocal  are  cireulari  and  when  bifocal  are 
bluntrended  ovals,  in  which  the  length  may  exceed  the  breadth  in  anj  gitcil 
proportions.  To  obtain  a  unifocal  or  bifocal  neoid  resembling  a  longitu- 
dinal line  of  a  ship  with  sharp  ends,  it  is  necessary  to  take  a  part  onlj  of  a 
stream-line,  and  then  there  is  discontinuity  of  form  and  of  motion  at  eadi 
of  the  two  ends  of  that  line. 

The  author  states  that  the  occasion  of  the  investigation  described  in  the 
present  paper  was  the  communication  to  him  by  Mr.  William  Fronde  of 
some  results  of  experiments  of  his  on  the  resistance  of  model  boats,  of  leugfha 
ranging  from  three  to  twelve  feet.  A  summary  of  those  results  is  printed 
at  the  end  of  a  Report  to  the  British  Association  on  the  "  State  of  Existing 
Knowledge  of  the  Qualities  of  Ships.*'  In  each  case  two  models  were  com- 
pared together  of  equal  displacement  and  equal  length ;  the  water-line  of 
one  was  a  wave-line  with  fine  sharp  ends,  that  of  the  other  bad  blunt 
rounded  ends,  each  joined  to  the  midship  body  by  a  slightly  hollow  neck — 
a  form  suggested,  Mr.  Froude  states,  by  the  appearance  of  water-birds  when 
swimming.  At  low  velocities,  the  resbtance  of  the  sharp-ended  boat  was 
the  smaller ;  at  a  certain  velocity,  bearing  a  definite  relation  to  the  length 
of  the  model,  the  resistances  became  equal,  and  at  higher  velocitiea  the 
round-ended  model  had  a  rapidly  increasing  advantage  over  the  sharp- 
ended  model. 

Hence  it  appeared  to  the  author  to  be  desirable  to  investigate  the  mathe- 
matical properties  of  stream-lines  resembling  the  water-lines  of  Mr.  Froude'a 
bird-like  models  ;  and  he  has  found  that  endless  varieties  of  inch  fonni» 
all  closed  curves  free  from  discontinuity  of  form  and  of  motion^  may  be  ob- 
tained by  using/our  foci  instead  of  two.  They  may  be  called  from  this 
property  quadrifocal  etream-Unes,  or,  from  the  idea  that  suggested  such 
shapes  to  Mr.  Froude,  cyeno'icU;  that  is,  swan-like  lines*. 

Those  lines  are  not  to  be  confounded  with  the  lines  of  a  yacht  having  at 
a  distance  the  appearance  of  a  swan,  which  was  designed  and  built  some 
years  ago  by  Mr.  Peacock,  for  the  figure  of  that  vessel  is  simply  oval* 

The  paper  contains  four  chapters.  The  first  three  are  mainly  cinemati- 
cal  and  geometrical,  and  relate  to  the  forms  of  stream-line  surfaces  in  two 
and  in  three  dimensions,  especially  those  with  more  than  one  pair  of  foci 
and  surfaces  of  revolution,  to  the  methods  of  constructing  graphically  and 
without  calculation,  by  means  of  processes  first  appUed  to  lines  of  magnetic 
force  by  Mr.  Clerk  Maxwell,  the  traces  of  such  surfaces,  which  methoda 
are  exemplified  by  diagrams  drawn  to  scale,  and  to  the  motions  of  the 
particles  of  liquid  past  those  surfaces.  The  fourth  chapter  is  dynamical : 
it  treats  of  the  momentum  and  of  the  energy  of  the  disturbance  in  the 
liquid,  caused  by  the  progressive  motion  of  a  solid  that  is  bounded  by  a 
ship-shape  stream-line  surface  of  any  figure  whatsoever  ;  of  the  ratio  borne 
by  the  total  energy  of  the  disturbance  in  the  liquid  to  that  of  the  disturb- 
ing body  when  that  body  displaces  a  mass  of  liquid  equal  to  its  own  mass, 

*    KVKVOCl6l)9, 
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which  ralio  ranges  in  different  cases  from  j-  to  1 ;  of  the  acceleration  and 
retardatiott  of  ships  as  affected  bj  the  disturbance  in  the  water,  and  espe- 
dallj  of  the  use  of  experiments  on  the  retardation  of  ships  in  finding  their 
resistanee ;  and  of  the  disturbances  of  pressure  which  accompany  the 
disturbances  of  motion  in  the  liquid.  Up  to  this  point  the  dynamical 
principles  arrived  at  in  the  fourth  chapter  are  certain  and  exact,  like  the 
geometrical  and  cinematic  principles  in  the  three  preceding  chapters.  The 
results  obtained  in  the  remainder  of  the  fourth  chapter  are  in  some  respects 
approximate  and  conjectural,  and  are  to  a  great  extent  designed  to  suggest 
plans  for  future  experiments,  and  rules  for  their  reduction.  These  results 
relate  to  the  disturbances  of  level  which  accompauj  the  disturbances  of 
motion  when  the  liquid  has  a  free  upper  surface,  to  the  waves  which 
originate  in  those  disturbances  of  level,  and  the  action  of  those  waves  in 
dispersing  energy  aud  so  causing  resistance  to  the  motion  of  the  vessel, 
to  friction,  or  skin-resistance,  and  the  **  wake  **  or  following  current  which 
that  kind  of  resistance  causes  the  disturbing  solid  body  to  drag  behind  it, 
and  to  the  action  of  propelling  instruments  in  overcoming  different  kinds 
of  reastance. 

The  resistance  caused  by  viscosity  is  not  treated  of,  because  its  laws  have 
been  completely  investigated  by  Mr.  Stokes,  and  because  for  bodies  of  the 
sise  of  ships,  and  moving  at  their  ordinary  velocities^  that  kind  of  resistance 
is  inoMiBiderable  compared  with  skin-resistance  and  wave-resistance.  The 
resistance  caused  by  discontinuity  of  figure  is  stated  to  be  analogous  in  its 
effects  to  friction,  but  it  is  not  investigated  in  detail,  because  ships  ought 
not  to  be  built  of  discontinuous  (commonly  called  "  unfair  ")  figures. 

Supplement.     Received  January  8,  1870. 

The  author  in  the  first  place  calls  attention  to  the  agreement  between 
the  position  of  the  points  at  which  there  is  no  disturbance  of  the  pressure 
on  the  surface  of  a  sphere,  as  deduced  from  Dr.  Hoppe's  investigation, 
published  in  1856  (Quarterly  Journal  of  Mathematics),  and  on  the  surface 
of  a  short  vertical  cylinder  with  a  flat  bottom,  as  determined  by  the  experi- 
ments of  the  Rev.  E.  L.  Borthon  before  1850  (Proc.  Roy.  Soc.  vol.  v. 
1850 ;  also  Transactions  of  the  Society  of  Engineers,  6th  December,  1869). 
The  theoretical  value  of  the  angular  distance  of  those  points  from  the 
foremost  pole  of  the.  sphere  is  sin~~^  |=41°  49' ;  the  value  deduced  from 
experiment  is  41^  30'» 

The  author  then  adds  some  remarks  on  a  suggestion  made  by  Mr. 
William  Fronde,  that  the  wave-resistance  of  a  ship  is  diminished  when  two 
aeries  of  waves  originating  at  different  points  of  her  surface  partially 
neutralize  each  other  by  interference ;  and  states  that,  with  regard  to  this 
and  many  other  questions  of  the  resistance  of  vessels,  a  great  advancement 
of  knowledge  is  to  be  expected  from  the  publication  in  detail  of  the  results 
of  experiments  on  which  Mr.  Froude  has  long  been  engaged. 
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III.  "On  Linear  Differential  Equations."— No. II.  By  W.  H. 
L.  Russell^  F.B.S.  Received  January  20,  1870,  being  made 
up  of  two  Papers  received  December  30,  1869,  and  January  6, 
1870. 

The  principles  laid  down  in  my  former  paper  will  enable  us  to  integrate 
a  proposed  differential  equation^  when  the  solution  can  be  expressed  in  the 

p 
form  ^€**,  where  P,  Q»  fti  are  rational  and  entire  functions  of  (x). 


Let 


(yo+yi-^+yt.^+  •  •  •  +ym«")  ^szf  +  •  •  • 

be  the  general  linear  differential  equation  of  the  nth  order«  where  none  of 
the  indices  of  (x)  in  the  coefficients  of  the  succeeding  terms  are  greater  than 
those  in  the  coefficients  of  the  two  first.    Tlien  if  the  equation  admit  of  a 

solution  of  the  form  f/ ^lOO*",  where  ^i(a?),  ^^(x)  are  rational  and  entire 
functions  of  x,  and  ^^(x)  and  a^+aja?. ..  +a^x*»  have  no  factors  in  com- 
mon, and  if  the  degree  of  the  coefficients  of  the  two  first  terms  is  the 
same, 

where  p  is  a  rcot  of  the  equation 
and  if  am=0, 

III— 1 

and  if  aTO  =  a;/i-i=0, 

y=E(a;)  ^ 

and  so  on,  where  the  value  of  y  is  to  be  substituted  in  the  proposed  equa- 
tion, which  then  becomes  a  linear  equation  to  determine  the  rational  and 
entire  function  £(x). 

When,  however,  a^ =/},„= 0,  or,  in  other  words,  when  the  degree  of  the 
coefficients  of  the  succeeding  terms  of  the  proposed  equation  exceeds  the 
degree  of  the  coefficients  of  the  two  first,  some  modification  is  required ; 
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187a] 
thus  if 

where  £(jr)  is  to  be  detennined  as  before. 

Bat  now  let  f^x  and  a^-^-a^x-^aj^-^-  •  •  •  ctmX^  ba?e  factors  in  oommon. 
We  have  the  two  equations. 


d!r 


fef 


hence,  since  p^  is  a  fracdon  in  the  lowest  terms,  any  common  factors  of 

f  jjp  and  ^0+ a^dP  +  •  •  •  +  9^tm^  most  be  factors  of  P  or  Q ;  hence  if  x—a  be 
one  of  the  fkctors  of  ao4-a,«+  •  •  •  +aM^»  we  may  ascertun  if  it  is  a 
factor  of  P  and  Q  by  patting  in  the  proposed  differential  equation 

and  shall  thus  obtain  an  equation  to  determine  the  index  (m)  ;  and  we  must 
treat  the  other  factors  of  ao+a^x+a^+  . . .  ol^oc^  in  the  same  way,  and 
thus  ascertain  those  which  are  also  factors  of  P  and  Q. 

I  shall  illustrate  these  remarks  by  applying  them  to  the  well-known  dif- 
ferential equation 

</'ii_t(»+l) 
dx"         x" 
We  hare 


tt-.j«||a=0. 


d^u 


Let 


Substituting  /i(/i— 1)— t(i-|-l)=0,  wlience^=  — i;  putting  then  ti= 


o^* 


hence  2sE(ar)  e?',  if  the  equation  can  be  integrated  in  the  form  y=ge*', 
whidi  gives  us 


Patting 
we  have 


^^+2(,x-0f-2.-3E=0. 
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which  determines  the  function  E(j;),  a  rational  and  entire  fanction  of  the 
tth  degree. 

I  conclude  this  paper  with  a  proposition  of  much  importance  in  the 
theory  of  linear  differential  equations. 

Let 

d^y  d^~^y  ^~V  ty 

be  any  linear  difFcrential  equation.  Then  in  general  this  equation  wOl  not 
admit  a  solution  of  the  form  y  ==/(«').  For  then,  patting  for  (x)  sncoes- 
sively  x+2irt,  x+Airi, ....  we  should  have 

1^»W  ~d^  +^«-i«  -a^T     +<h-»^  ~rf^-a"'  ■*■ "• 

^.(.*+2«-)-^^'^  +<|>n-^(x+2ln')-'^^  +  . . .  =0. 

M:r+4iri)^g  +^-.(^+4^/^^^  +. .  .=0. 

And  these  equations  can  he  indefinitely  continued.     It  will  be  obsenred 

P   -  «  . 

that  this  solution  does  not  comprise  integrals  of  the  form  —  €»,  where  —  ia 

a  rational  function. 

February  17,  1870. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

The  following  communications  were  read  : — 

« 

I.  '*0n  a  distinct  form  of  Transient  Hemiopsia.*^  By  Hubert 
Airy,  M.A.,  M.D.  Communicated  by  the  Astronomer  RoyaL 
Received  January  C,  1870. 

(Abstract.) 

From  a  comparison  of  the  different  accounts  of  "  Hemiopsia,"  **  Half- 
vision/'  or  "  Half-blindi^ss,"  given  by  Dr.  WoUaston  (Phil.  Trans.  1824, 
p.  222)^  M.  Arago  (Annales  de  Chimie  et  de  Physique,  tom.  xxvii.  p.  102), 
Sir  David  Brewster  (Phil.  Mag.  1865,  vol.  i.  p.  503,  and  Transactions  of 
Royal  Society  of  Edinburgh,  vol.  zxiv.  part  1),  the  Astronomer  Royal 
(Phil.  Mag.  July  1865,  vol.  ii.  p.  19),  Professor  Dufour  (in  a  letter  to  the 
Astronomer  Royal),  Sir  John  Herschel  (Familiar  Lectures  on  Scientific 
Subjects,  p.  406,  Lecture  IX.,  and  private  letters).  Sir  CharlesWheatstone 
(in  a  private  letter),  Mr.  Tyrrell  (On  the  Diseases  of  the  Eye,  1840,  vol.  iL 
p.  231),  and  the  author  of  this  paper,  it  is  plain  that  there  are  different 
forms  of  transient  Hemiopsia,  irrespective  of  the  wide  primary  distinction 
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between  the  transient  and  permanent  forms^  which  have  all  been  included 
under  the  tame  name  Hemiopia  or  Hemiopsia. 

It  seema  that  Wollaston^  Arago,  Brewster,  and  Tyrrell  are  describing 
one  form  of  the  transient  affection,  while  Sir  John  Herschel,  Sir  Charles 
Wheatstone,  the  Astronomer  Eoyal,  Professor  Dufour,  and  the  author  agree 
in  describing  another. 

In  the  experience  of  the  former  group,  the  limits  of  the  blind  region,  as 
projected  on  the  field  of  view,  are  ill-defined ;  there  is  no  variety  of  colour, 
and  the  progress  of  the  disease  presents  no  remarkable  features. 

In  the  latter  group,  the  blind  region  is  at  first  very  small,  and  gradu- 
ally spreads  outwards,  to  left  or  right,  with  a  zigzag  margin  of  bright  and 
dark  lines,  tinged  in  most  cases  with  various  colours, — clear  vision  gradually 
returning  in  the  centre  and  following  the  outward  advance  of  the  curved 
cloud  ;  usually  the  blindness  occupies  only  one  lateral  half  of  the  field  of 
view ;  but  in  one  very  remarkable  instance  recorded  by  Sir  John  Herschel, 
the  course  of  the  cloud  was  from  the  extreme  left  to  the  extreme  right, 
sweeping  over  the  whole  of  the  visual  area. 

Possibly  the  gap  between  these  two  forms  may  be  filled  by  connecting 
links,  as  further  evidence  arises,  and  it  may  be  found  that  they  differ  only 
in  degree  of  prominence  of  different  features.  The  remarkable  account 
given  by  Sir  Charles  Wheatstone  (who  has  kindly  given  permission  for  its 
publication),  where  the  zigzag  luminous  lines  are  strongly  marked,  but 
without  colour,  perhaps  offers  the  first  link  in  the  connecting  chain. 

The  author's  experience  dates  from  18.54.  Since  then  he  has  repeatedly 
suffered  from  these  attacks.  The  circumstances  and  features  of  the  com- 
plaint have  varied  somewhat  in  different  attacks,  but  the  type  has  remained 
unaltered  from  that  time  to  this. 

The  blindness  comes  on  usually  while  the  eyes  are  engaged  in  toilsomf 
reading :  some  word  or  letter  on  the  page  near,  the  sight-point  (generally 
below  to  the  left)  is  found  to  be  obliterated ;  this  germ  of  blindness  slowbr 
spreads,  with  zigzag  margin,  defined  by  alternate  bright  and  dark  linep, 
with  gleams  of  colour,  the  margin  rapidly  trembling  and  slowly  rolling  it 
the  same  time. 

These  three  orders  of  motion,  (1)  gradual  outward  growth  of  the  whole, 
(2)  slow  rolling  of  parts,  (3)  rapid  tremor  of  the  margin,  are  especially 
characteristic  of  this  affection. 

The  region  of  blindness  takes  a  horseshoe  shape  ;  the  upper  arm  points 
to  the  centre  of  sight,  while  the  lower  spreads  downwards  and  outwards 
away  from  the  centre.  The  zigzag  pattern  is  minute  near  the  centre,  and 
grows  larger  the  further  it  recedes.  The  gleams  of  colour,  most  con- 
apicnoos  at  the  margin,  are  red  and  blue,  yellow,  green,  orange,  in  order  of 
frequency.  As  the  blindness  spreads  outwards,  clear  vision  returns  gradu- 
ally in  the  concavity  of  the  horseshoe.  The  sight  of  both  eyes  is  affected  at 
oaee,  exaotly  in  the  same  manner  and  in  the  same  degree  ;  though  naturally 
tluift  eye  §emi  most  affected  which  corresponds  to  the  obliterated  side  of 
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the  field  of  yiew»  because  the  nanl  half  of  the  fidd  of  tow  of  either  eye  ii 
more  limited,  and  Tieion  there  is  leis  distinct  than  on  the  temporal  side. 

Looking  at  any  surface  of  uniform  colour,  the  doud  partakes  of  the 
general  hue  of  the  field  on  which  it  lies,  and  shows  little  that  is  dianc- 
terbtic  except  its  bright  margin,  tremor,  and  boiling. 

Against  bright  light  a  faint  shadowy  curred  cloud  is  se«B»  with  bright 
margin,  tremor  and  boiling,  and  slight  colour. 

Against  dark  shade  the  cloud  is  seen  to  show  faint  light. 

When  part  of  the  cloud  b  seen  against  dark  shade  and  part  against 
bright  light,  the  boundary  between  the  light  and  shade  is  wholly  obliterated. 

Viewed  in  the  dark,  the  cloud  presents  inherent  luminosity,  eqpedally  at 
the  margin.    Its  various  colours  are  seen  as  well  in  dark  as  in  light. 

The  cloud  spreads  outwards  in  horseshoe  shape  till  it  reaches  the  out- 
skirts of  the  field  of  view,  and  fades  away  after  great  boiling  and  torbu- 
lence.  The  lower  arm  is  the  first  to  fade,  then  the  middle,  and  finally  the 
upper  arm,  which  remains  pointing  to  the  centre  of  the  field  to  the  feiy 
last. 

The  climax  is  reached  in  about  twenty-five  minutes  from  the  first  be- 
ginning.    The  whole  duration  of  the  attack  is  just  half  an  hour. 

Often,  midway  in  the  attack,  a  fresh  germ  of  blindness  arises  near  the 
birthplace  of  the  first,  but  always  proves  abortive  unless  it  takes  root  on 
the  opposite  side,  when  a  second  attack  may  develope  itself  immediatdy 
after  the  first. 

This  half-biuduess  is  followed  by  oppressive  headache,  lasting  many 
hours. 

From  the  resemblance  of  the  angular  margin  of  the  cloud  to  a  fortified 
wall  ''  with  salient  and  reentering  angles,  bastions,  and  ravelins  "  (to  use 
Sir  John  nerschcl's  words),  the  author  ventures  to  suggest  the  name 
Tetchopsia  for  this  striking  form  of  transient  half-blindness. 

Among  the  circumstances  that  have  seemed  to  favour  an  attack  may  be 
mentioned  sudden  change  of  air  and  living,  over-exercise,  and  insufficient 
sleep.     The  attack  has  sometimes  been  nocturnal. 

The  most  usual  position  of  the  germ  of  blindness  is  3°  or  4^  below,  and 
3°  or  4°  to  the  left  of  the  centre  of  vision. 

In  one  or  two  cases,  after  reaching  a  certain  stage,  the  cloud  has  parted 
in  the  middle,  and  died  away  without  ripening. 

The  cloud,  whether  developed  in  the  right  or  the  left  half  of  the  field, 
has  never  (the  author  believes)  transgressed  the  vertical  median  line. 

Lately,  one  or  two  attacks  have  been  followed  by  a  alight  disturbance  of 
hearing. 

Of  three  cases  coming  under  the  author's  immediate  observation,  in 
one  these  attacks  have  been  very  frequent,  from  an  early  age  to  middle 
life.  The  bastioned  outline  is  always  present,  with  more  or  less  colour. 
Formerly  the  attendant  headache  used  to  be  very  severe,  accompanied  with 
prolonged  vomiting.  Latterly  the  blindness  has  been  more  oppressive  than 


1870.]  farm  of  Transient  Hemiopsia.  215 

the  headache,  and  its  advent  greatly  dreaded.  The  speech  is  often  affected, 
and  sometinies  the  memory ;  and  on  one  occasion  the  mouth  was  noticed  to 
be  drawn  to  one  side.    The  came  has  aeemed  to  be  mental  anxiety. 

In  the  second  case,  which  is  adduced  for  the  sake  of  contrast,  the  phe- 
nomena are  much  less  definite.  There  is  no  serrated  margin,  no  colour, 
no  cunre,  nothing  of  which  a  picture  can  be  made.  The  obscurity  grows 
from  a  small  but  ill-defined  germ,  and  gathers  like  a  cloudy  film  or  gauze 
oyer  the  field,  oppressive  to  the  eyes,  and  accompanied  by  headache  and 
nausea,  and  passes  away  after  a  doubtful  period,  leaving  the  impression 
that  it  is  caused  by  disorder  of  the  stomach. 

In  the  third  case,  the  blindness  is  sometimes  brought  on  by  looking  at 
a  striped  wall-paper  or  a  striped  dress.  The  appearance  before  the  eyes 
is  described  as  zigzag,  wavy,  quivering,  without  colour.  The  first  attack, 
in  adult  age,  was  followed  by  partial  paralysis  of  one  side,  and  later 
attacks  have  almost  always  had  a  sequel  of  defective  speech,  and  tingling 
at  the  tip  of  the  tongue,  at  the  tip  of  the  nose,  and  in  the  fingers  and 
thumb. 

At  any  rate  it  is  certain  that  there  does  exist  a  distinct  form  of  transient 
hemiopsia,  presenting  the  following  main  characteristics  : — 

1.  Dependence  on  mental  anxiety,  bodily  exhaustion,  overwork  to  the 
eyes,  gastric  derangement  (?),  want  of  exercise. 

2.  Origin  from  a  small  germ  near  the  centre  of  vision. 

3.  Orderly  centrifugal  growth  from  the  original  germ. 

4.  BUndness  to  boundaries,  but  not  to  general  impressions  of  light  and 
colour. 

5.  Proper  luminosity  in  the  dark. 

6.  Bright-bastioned  margin,  vrith  gleams  of  various  colours. 

7.  Tremor  and  "  boiling." 

8.  Gradual  occupation  of  one  lateral  half  of  tfie  field  of  view. 

9.  Gradual  recovery  of  clear  vision  in  rear  of  the  outward-growing 
cloud. 

10.  Disappearance  of  the  phenomenon  after  about  half  an  hour. 

1 1  •  Sequelae :  headache  and  nausea,  and  sometimes  affection  of  speech 
and  hearing,  and  even  symptoms  of  hemiplegia. 

As  to  the  actual  seat  of  the  visual  derangement,  the  exact  agreement  of 
the  two  eyes  in  the  nature,  extent,  and  degree  of  their  affection  proves 
(assuming  the  semidecussation  of  the  optic  nerves  at  the  chiasma)  that 
the  seat  of  the  affection  must  lie  at  some  point  behind  the  chiasma  of 
these  nerves.  All  the  causes  that  are  found  to  lead  to  transient  half- 
blindness  point  to  the  brain  as  the  seat  of  disturbance.  Still  clearer  is  the 
evidence  given  by  the  loss  of  speech  and  of  memory,  the  derangement  of 
hearing,  and  the  partial  paralysis  that  sometimes  follow  an  attack  of 
teichopsia.  Such  cases  as  Sir  John  Herschel's,  where  the  cloud  passed  over 
the  whole  field  from  left  to  right,  can  only  be  explained  by  supposing  the 
distmrbaiioe  to  lie  in  some  region  of  the  brain  where  the  opposite  halves  are 
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in  contact.     The  mischief  may  possibly  be  seated  in  the  corpoim 
gemina  or  geniculata,  or  even  in  the  cerebellum  itself. 

As  to  the  nature  of  the  mischief  in  the  brain,  it  is  difficult  to  do  more 
than  hasard  guesses.  Is  it  a  temporary  suspension  of  function  among  the 
nerve-cells  of  the  visual  sensorium,  due  to  vascular  congestion,  and  relieved 
by  the  relief  of  that  congestion  ?  Does  the  headache  tell  of  the  further 
propagation  of  the  nervous  disturbance  into  parts  of  the  brain  where 
disturbance  is  ache,  as  in  the  visual  tract  disturbance  is  abnormal  sensation 
of  light  ?  And  the  detriment  to  speech  and  hearing, — does  it  mean  exten- 
sion of  the  same  disturbance  still  further  into  the  regions  of  brain-siih- 
stance  appropriate  to  those  functions  ?  Or  is  the  attack  in  any  way  analo- 
gous to  a  fit  of  epilepsy  ? 

The  phenomena  arc  so  definite  and  so  localized,  and  their  course  ia  so 
regular,  that  we  can  hardly  avoid  the  conviction  that  their  cause  is  equally 
definite  and  equally  localized ;  and  it  is  difficult  to  admit  so  Tagoe  an 
agent  as  nervous  sympathy  with  gastric  derangement,  except  aa  acting 
through  the  medium  of  some  secondary  local  manifestation  in  the  brain. 

II.  '' Account  of  the  Great  Melbourne  Telescope  from  April  1868 
to  its  commencement  of  operations  in  Australia  in  1869."  By 
Albert  Le  Sueuk.  Received  January  8,  1870.  Commuii- 
cated  by  the  President. 

A  description  of  the  great  Melbourne  reflector,  and  its  histofji  up  to  the 
time  of  inspection  by  the  Committee,  have  been  communicated  to  the 
Royal  Society ;  the  following  additional  account  of  the  doings  connected 
therewith  since  the  instrument  was  consigned  to  my  care  may  be  of  in- 
terest to  the  Society. 

Mr.  Grubb  commenced  taking  down  the  telescope  at  the  end  of  April 
1868 ;  this  was  accomplished  in  no  great  length  of  time,  and  without  any 
difficulty.  The  specula  (by  the  advice  of  Mr.  Lassell,  who  had  found 
this  method  answer  perfectly)  were  coated  over  with  shellac  varnish  to  pre- 
vent oxidation  on  the  voyage  out ;  they  were  then  protected  in  their  oelli 
and  on  their  lever  supports  by  strong  double  wood  casings,  and  the  other 
parts  of  the  telescope  and  machinery  cased  or  otherwise  protected.  The 
only  casualty  which  there  seemed  to  be  any  reason  to  fear  could  give 
to  any  serious  consequences  was  a  tilting  over  of  the  speculum 
their  great  weight  was,  perhaps,  a  sufficient  guarantee  from  such  an  event : 
it  was  nevertheless  thought  prudent  that  the  telescope,  and  machinery  gene- 
rally, should  not  be  left  entirely  to  the  tender  mercies  of  the  shipping 
and  crane  labourers  ;  J  was  therefore  present  at  the  shipping  in  Dublin  on 
board  a  steam-tug  hired  for  the  purpose,  and  at  the  transshipment  in  liver- 
pool,  on  board  the  'Empress  of  the  Seas.* 

Both  these  operations  were  performed  satisfactorily,  and  without  any 
serious  casualty. 
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The  '  EmpreM  of  the  Seas'  sailed  from  Liverpool  on  the  17th  or  18th 
of  July;  I  followed  by  the  August  Overland  Mail. 

On  my  arriyal  in  Melbourne  I  found  that,  beyond  the  selection  of  a  site 
in  the  Obserratory  grounds,  nothing  had  yet  been  done  towards  the  erection 
of  piers  or  building ;  this  was  principally  owing  to  the  fact  that  Mr.  Eilery 
and  the  Board  of  Visitors  had  not  considered  the  information  which  they 
possessed  sufficiently  definite  to  warrant  their  placing  the  matter  in  the 
hands  of  the  Works  Department ;  it  had  therefore  been  thought  advisable 
to  await  my  arrival. 

Some  necessary  modifications  having  been  made  in  the  drawings,  the 
construction  of  the  piers  was  soon  proceeded  with,  and  satisfactorily  ter- 
minated at  the  beginning  of  this  year. 

In  the  mean  time  the  '  Empress  of  the  Seas/  with  her  precious  cargo, 
had  arrived,  afler  a  very  long  voyage,  which  for  some  time  was  the  cause 
of  much  uneasiness  ;  parts  of  the  instrument  were  unpacked  and  tempo- 
rarily housed  :  the  whole  appeared  in  fair  order  ;  there  was  certainly  no 
material  damage  done  to  anything. 

Arrangements  being  in  progress  for  the  erection  of  a  suitable  building,  it 
was  thought  advisable  to  delay  mounting  the  telescope  until  part  of  the 
building  was  constructed ;  little  therefore  was  done  for  some  time  beyond 
setting  up,  as  accurately  as  possible,  the  plummer-blocks  which  contain 
the  polar  axis  bearings. 

The  building  was  commenced  early  in  the  year,  and  when  it  was 
thought  that  sufficient  progress  had  been  made,  the  crane  which  had  been 
naed  in  the  erection  of  the  piers  was  removed  to  a  more  convenient  posi- 
tion, and  the  various  heavy  parts  of  the  instrument  lifted  on  to  the  floor  of 
the  telescope-room,  over  the  walls  or  through  a  gap  left  for  that  purpose, 
and,  for  convenience  in  after  operations,  in  the  north  wall  and  north  end  of 
the  west  wall. 

The  mounting  was  then  proceeded  with,  and  satisfactorily  accomplished 
in  little  more  than  a  week,  as  regards  the  main  parts,  without  much 
difficulty. 

Attempts  were  made  on  one  or  two  occasions  to  use  the  instrument  for 
adjustment  and  observation,  but  it  was  found  that  the  dust  (a  dreadful 
enemy  in  the  summer)  and  the  grit  caused  by  the  building  accumulated 
to  such  an  extent  as  to  lead  to  fear  of  considerable  damage  to  the  bear- 
ings and  more  delicate  parts  of  the  machinery ;  it  was  therefore  deemed 
pmdent  to  cover  up  the  telescope  as  well  as  possible  with  tarpaulins,  and 
leave  it  in  that  state  for  some  time. 

The  building  is  rectangular,  80  feet  long  meridionally  by  25  wide,  with 
walls  1 1  feet  high.  Of  the  meridional  length  the  telescope-room  occupies 
the  north  40  feet;  the  next  12  feet  are  appropriated  to  the  polishing-ma- 
chine,  crane,  and  engine ;  the  remaining  28  feet  are  divided  into  two  rooms, 
one  of  which  is  at  present  used  as  an  office,  the  other,  25  by  14,  is  intended 
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for  a  laboratory.  The  moveable  roof  is  40  feet  long,  and  runs  on  nub 
laid  the  whole  length  of  the  walls ;  the  telescope-room  maj  therefore  be 
completely  covered  in^  and  as  completely  uncovered  when  required,  the 
roof  in  the  latter  case  resting  on  the  south  building,  which  on  that  aceonnt 
has  a  very  low  permanent  roof. 

The  roof  is  constructed  of  six  triangular  wrought-iron  prindpala,  crocs- 
braced,  which  abut  at  each  side  on  a  broad  horizontal  plate  formed  of  two 
parallel  lengths  of  stout  angle-iron,  connected  at  various  points  by  iron 
bands ;  for  additional  strength,  a  broad  vertical  plate  is  bolted  to  the 
outer  angle-iron  piece.  There  are  four  pairs  of  wheels,  26  inches  in  dia- 
meter, flanched  on  the  inside ;  these  lie  along  the  middle  of  the  horiaontal 
plate,  the  journals  being  bolted  to  the  angle-iron  pieces  which  form  the 
plate. 

The  roof  is  covered  with  galvanized  corrugated  iron ;  it  is  therefore  on 
the  whole  a  somewhat  heavy  affair.  The  mechanical  arrangements  for 
moving  are,  however^  simple  and  effective ;  a  stout  iron  shafl  nms  across 
the  building,  and  gears  by  wheel  and  pinion  on  the  axles  of  the  two  sooth 
end  wheels;  to  this  shaft  is  fixed  a  spoked  hand-wheel,  hj  meana  of 
which  the  operator  readily  sets  the  roof  in  motion,  and  standing  on 
a  small  platform  connected  therewith,  is  himself  carried  along  at  the  same 
time. 

The  design  of  the  roof  is  due  to  Mr.  Merrett,  of  the  Works  depart- 
ment. On  the  whole,  there  is  much  to  be  said  in  favour  of  this  rectan- 
gular form  of  roof :  the  temperature  even  in  this  climate  frequently  de- 
scends too  low  to  be  pleasant ;  but  the  occasional  bodily  inconvenience  pro- 
duced thereby  is  more  than  counterbalanced  by  perfect  freedom  to  the 
observer,  and  the  gratification  of  knowing  that  the  instrument  is  in  the  best 
possible  conditions  for  satisfactory  performance.  Only  one  really  serious 
annoyance  have  I  found  connected  with  complete  exposure ;  I  allude  to 
occasional  heavy  dew  rendering  it  almost  impracticable  to  use  the  sketch- 
ing and  other  papers,  the  speculum  meanwhile  remaining  free  from  de- 
posit if  precaution  is  taken  not  to  work  at  too  great  an  altitude. 

The  telescope,  when  housed,  lies  meridionally  on  the  east  side  of  the 
pier,  and  nearly  in  a  horizontal  direction,  provision  having  been  made  to 
prevent  the  tube  being  lowered  beyond  a  certain  small  inclination. 

The  piers  are  in  keeping  with  the  massiveness  of  the  instrument ;  they 
are  constructed  of  large,  not  to  say  huge  blocks  of  basalt  axed  to  a  fine 
surface,  altogether  a  substantial  and  beautiful  piece  of  work. 

The  height  of  the  walls  with  reference  to  the  piers  is  such  that  very 
little  of  the  sky  range  is  curtailed.  The  north  wall  cuts  off  objects  having  a 
lesser  altitude  than  about  10°.  When  resting  on  the  east  or  west  walls  the 
telescope  is  nearly  horizontal ;  in  both  these  directions  trees  interfere, 
especially  on  the  west  side,  where  the  ground  rises.  This  curtailment 
will  probably  be  a  matter  of  very  small  importance,  as  with  a  four-feet 
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aperture  obsenrations  at  low  altitudes  are  almost  impracticable,  and  wonld 
probably  never  have  to  be  resorted  to  except  in  the  case  of  comets.    The 
roof  itself  cuts  off  some  of  the  range  near  the  subpolar  meridian ;  this, 
again,  is  not  likely  to  be  of  much  consequence. 

The  steam-engine,  polishing-machine,  and  crane  have  been  mounted  in 
the  room  devoted  to  them ;  this  room  adjoins  and  is  on  the  same  floor 
(raised  4  feet  from  the  ground,  and  3  to  6  feet  from  the  floor  of  the  other 
rooms)  aa  the  telescope-room.  To  the  east  end  of  this  machine-room, 
and  communicating  therewith,  a  small  Jean-to  boiler-house  has  been 
added ;  in  the  west  wall  is  a  window  which,  when  open,  will  leave  sufficient 
dear  space  to  admit  of  viewing  a  distant  nearly  horizontal  object  for  the 
purpose  of  testing  the  mirrors. 

The  large  speculum  (A)  was  originally  attached  to  the  tube  in  its  var- 
nished condition ;  on  the  first  favourable  occasion  it  was  taken  down  and 
unvarnished — a  process  which  proved  more  troublesome  than  had  been 
anticipated.  The  lac  was  very  refractory,  and  the  difficulty  of  removal  ex- 
aggerated by  the  extreme  heat  then  prevalent ;  after  a  process  of  solution 
in  alcohol,  mopping  up,  and  washing  with  water  frequently  repeated,  although 
there  seemed  no  lac  which  would  still  dissolve,  a  large  number  of  markings 
caused  originally  by  the  varnish  brush  were  apparent,  and  the  whole 
surface  had  an  unpleasant  mealy  appearance. 

It  was  thought,  however,  that  the  light  lost  would  not  prove  serious, 
and  in  any  case  it  did  not  seem  that  any  further  operation  except  polishing 
wonld  improve  matters ;  the  speculum  was  therefore  remouuted  and  tried  ; 
and  although  it  was  of  course  impossible  to  say  what  would  have  been  the 
e£fect  of  a  more  perfect  polish,  the  views  given  of  the  brighter  nebulee  were 
grand  in  the  extreme,  and  left  nothing  to  be  desired. 

By  degrees,  however,  and  without  much  exposure,  the  surface  became 
more  and  more  tarnished,  with  evident  effect  on  the  performance. 

In  the  meantime  the  second  mirror  (B)  had  been  unvarnished ;  in  this  case 
naphtha  was  used  as  the  solvent,  the  solution  mopped  up,  and  the  surface 
washed  with  soap  and  water.  After  a  frequent  repetition  of  this  process,  the 
surface  seemed  clear  of  impurities,  and  though  not  so  bright  as  I  had  fre- 
quently seen  it  in  Mr.  Grubb's  workshop,  there  were  no  signs  of  mealiness, 
the  oidy  unpleasant  casualty  being  a  considerable  pitting  of  two  patches 
some  two  inches  square,  produced  by  droppings  from  the  muriate  used  in 
soldering  the  tin  cover.  These  pittings  are  deep  and  unsiglitly ;  but  the 
extent  of  surface  corroded  is  comparatively  so  small  that  the  effect  must 
be  inconsiderable. 

The  specula  were  exchanged  about  two  months  ago,  and  A  put  on  the 
fir^^KiiiP ;  but  nothing  has  yet  been  done  towards  repoHshing,  as  the  ne- 
cessary arrangements  have  not  been  got  together  for  performing  that  delicate 
operation  with  due  convenience. 

Of  work  done,  I  cannot  yet  speak  with  any  satbfaction  since  it  became 
at  all  practicable  to  use  the  telescope ;  the  history  which  I  have  to  relate  is 
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a  long  chapter  of  weary  heart-breaking  watchrngs,  with  an  occarional  half 
hour's  work. 

1}  Argo  was  the  first  object  observed  for  purpose  of  delineation  ;  after 
the  first  night's  work  little  (and  that  by  snatches)  was  done  towards  it,  a 
new  inroad  of  workmen  and  a  long  course  of  extremely  unfavourable  weather 
having  carried  the  nebula  out  of  convenient  reach.  The  search,  whieh  was 
reluctantly  given  up,  will,  however,  be  again  soon  resumed. 

I  enclose  two  sketches,  4403  and  3570,  of  the  18G4  catalogue. 

4403.  The  horseshoe  nebula  is  a  grand  object,  conspicuous  and  with 
shape  even  in  the  finder  (Plate  I.).  In  the  sketch  the  principal  stars  are  laid 
down  from  measured  position-angles  about  different  centres ;  they  are  not 
as  accurate  as  I  could  wish,  aud  will  be  reobserved  differently  under  better 
conditions  ;  in  no  case,  however,  can  there  be  sufficient  error  to  inflaence  in 
any  material  degree  the  configurations  of  the  nebula  or  the  smaller  etan 
sketched  in  by  eye.] 

It  will  be  seen  that  the  sketch  contains  considerably  more  detail  than 
the  corresponding  figure  in  Herschel's  Catalogue  ;  there  appears,  howe?cr» 
to  be  no  marked  difference  (with  perhaps  one  exception)  which  may^not  be 
accounted  for  by  the  difference  of  aperture  used. 

The  exception  to  which  I  allude  is  the  presence  of  a  small  but  conspicu- 
ous double  star  at  the  s.  p,  angle  of  the  knot  which  lies  between  the  }S  and 
the  bright  streak  ;  the  experiment  has  not  been  tried  of  cutting  down  the 
aperture  to  approximate  to  an  18-inch  Herschelian,  but  the  intrinsic 
brightness  of  the  principal  star,  and  the  presence  in  the  C.  6.  U.  of  stars 
not  more  bright  (No.  3  of  Herschers  catalogue  is  certainly  less  bright)  go 
far  to  show,  without  this  experiment,  that  the  star  did  not  exist  as  such  with 
its  present  brilliancy  at  the  time  of  the  C.  G.  U.  and  P.  T.  33  observations 
...  I  have  not  seen  Mr.  Mason's  drawing,  but  look  forward  with  much  in- 
terest to  examining  it  and  his  remarks  thereon. 

The  important  position  of  the  star,  and  the  careful  scrutiny  which  the 
knot  and  its  neighbourhood  must  have  repeatedly  undergone,  forbid  the 
assumption  that  it  was  simply  overlooked  by  Sir  John  Herschel. 

The  star  /3  (I  keep  to  Sir  John  Herschel's  numbers  and  letters)  is  con- 
spicuously and  beautifully  double,  the  companion  of  considerable  brilliancy, 
about  15  mag. ;  with  its  present  brilliancy  and  elongation  it  should,  I  think, 
be  within  reach  of  an  18-inch. 

The  knot  is  what  I  presume  should  be  called  resolvable  ;  the  appearance 
is  sparkling,  though  no  discrete  stars  can  be  seen,  except  perhaps  a  second 
faint  one,  which  is  suspected  at  the  s.  f.  angle.  Part  of  the  streak  near  to 
the  knot  is  also  sparkling,  but  not  in  so  marked  a  manner;  the  other 
portions  appear  of  the  ordinary  milky  nebulosity. 

The  fainter  nebulosity  (S)  of  the  bright  streak  pretty  well  marks  out  the 
borders  of  the  almost  vacuous  lane  which  leads  up  to  and  past  the  knot. 
On  receding  from  the  lane  it  becomes  very  faint :  nor  is  this  faintness  uni- 
form ;  but  the  appearances  are  so  fugitive  that,  afler  repeated  and  painful 
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effort,  I  hare  been  uuable  to  catch  them ;  the  borders^  howcTer,  stretching 
to  the  stars,  as  m  the  figure,  are  occasionally  pretty  well  seen.  On  one  or 
two  occasions  I  have  suspected  the  existence  of  a  link  between  the  nebu- 
losity about  the  star  No.  10  and  the  lower  portion  of  the  iSi  this,  howeyer, 
requires  Terification. 

At  the  f.  end  the  upper  and  smaller  semicircle  is  plainly  marked,  the 
lower  and  larger  yery  faint,  and  consequently  its  exact  figure  uncertain ; 
there  is  certainly  some  very  faint  nebulosity  leading  through  the  groups  of 
stars  north  of  the  three  bright  f.  end  stars,  but  it  has  not  been  added  to 
the  sketch  on  account  of  its  uncertain  figure  and  extreme  faintness. 

3570.  A  small  but  beautiful  spiral.  The  two  brighter  knots  are  re- 
solvable ;  the  greater  brightness  of  these  knots  is  not  particularly  shown 
in  Sir  John  Herschel's  sketch  (Plate  I.)t  but  is  mentioned  in  the  obserya- 
tions ;  the  general  ground  is  only  slightly  nebulous. 

Of  work  out  of  the  regular  course,  amongst  other  things,  Neptune  has 
been  observed  on  some  five  or  six  occasions  for  figure  and  a  second  satelUte, 
with  only  negative  results. 

In  the  absence  of  a  photographic  apparatus  to  be  used  at  the  uninter* 
nipted  focus  of  large  mirror,  attempts  have  been  made  to  utilise  the  2nd 
or  Caisegrain  image ;  an  average  exposure  of  near  ten  minutes  on  an  eighth 
day  moon  produced  pictures  which  (by  no  mead's  good)  were  of  sufficient 
promise  to  make  it  worth  while  to  resume  the  attempt  under  more 
favourable  conditions. 

The  time  of  exposure  is  somewhat  surprising,  and  would  seem  to  accuse 
a  great  loss  of  chemical  rays  by  a  second  perpendicular  reflexion ;  but 
perhaps  the  more  legitimate  conclusion  would  be  that  the  inactivity  was 
mamly  due  to  absorption  at  the  surface  of  the  large  mirror,  which  was 
then  very  yellow. 

The  spectroscope  arrived  some  time  ago,  but  has  not  been  much  used  ; 
it  is  thought  that  for  star  work  of  any  value  some  modification  will  be 
required,  principally  the  exchange  of  the  present  coltimator  for  one  of 
longer  focal  length.  A  greater  dispersion,  moreover,  seems  desirable ;  for 
nebular  work,  however,  for  which  it  was  mainly  designed,  the  spectroscope 
in  its  present  form,  which  is  handy  and  compact,  will  be  of  much  service. 

For  spectroscopic  work  on  objects  having  a  sensible  diameter,  the  great 
telescope  itself  labours  under  some  disadvantages ;  the  enormous  focal  length 
and  consequent  magnification  of  the  image  is  a  serious  inconvenience  in 
the  case  of  faint  objects,  and  may  be  only  partially  remedied  by  a  suitable 
condenser.  This  magnifying  of  the  image  may,  however,  in  some  cases  be 
advantageous :  I  allude  to  the  possibility  thereby  afforded  of  viewing  small 
definite  portions  of  moderately  bright  objects  ;  unfortunately  the  objects 
with  which  we  have  to  deal  are  seldom  of  such  a  character. 

Of  nebulee,  Orion  has  been  examined  for  purpose  of  practice.  The  three 
lines  are  plainly  and  conspicuously  seen  ;  the  hydrogen  line  is  compara« 
tively  much  fainter  than  I  had  anticipated,  and  disappears  in  the  fainter 
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portions  of  the  nebula.  30  Dorado  shows  the  nitrogen  line  with  facilitj; 
the  second  line  certainly,  but  not  in  all  positions,  and  always  with  diffi- 
culty ;  the  hydrogen  line  is  suspected  only.  I  can  see  no  trace  of  a  con- 
tinuous spectrum. 

1}  Argo  has  been  observed  on  only  one  unfaTourable  morning ;  the  m- 
trogen  line  was  seen  over  a  considerable  space ;  of  the  presence  or  ab- 
sence of  others,  or  of  a  continuous  spectrum,  I  am  unable  to  speak  with 
certainty. 

With  respect  to  future  operations,  it  is  intended  that  at  first  the  rontine 
work  shall  cons'ist  of  a  detailed  dehneatiou  of  the  objects  figured  by  Sir 
John  Herschel,  or  any  others  which  may  prove  interesting:  thia  will 
take  some  time ;  for  even  without  the  impediment  of  cloudy  weather,  the 
delineation,  with  any  degree  of  satisfactory  correctness,  of  a  moderately 
large  nebula  requires  a  considerable  amount  of  work  and  careful  ai^ 
frequent  scrutiny.  It  is  hoped,  however,  that  this  work  will  by  practice 
be  found  less  painfully  difficult  than  it  is  at  present. 

The  spectroscope  will  be  used  as  much  as  possible,  the  moon  photo- 
graphed, and  attempts  made  to  photograph  the  nebulee,  when  a  photo- 
graphic apparatus  has  been  procured,-  and  staging,  photographic  room, 
&c.  added  to  the  building.  It  is,  moreover,  hoped  that  before  long  a  re- 
fractor, of  some  nine  inches  aperture,  may  be  procured,  to  be  mounted 
with  the  reflector,  or,  preferably,  as  a  separate  instrument. 

This  telescope,  besides  being  of  much  general  use,  will  find  much  and 
valuable  employment  in  determining  micrometrically  the  chief  points  in 
the  nebulas  under  examination  with  the  reflector,  with  more  expedition 
and  accuracy  than  at  present ;  for  spectroscopic  work  this  telescope  would 
be  a  valuable  adjunct,  especially  if  it  be  constructed  of  such  comparatively 
short  focal  length  as  seems  now  to  be  practicable. 

The  great  interest  which  the  Royal  Society  has  taken  in  everything 
connected  with  the  Melbourne  reflector  is  my  sole  apology  for  sending 
thus  early  such  a  meagre  account* 

February  24,  1870. 

Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

The  following  communications  were  read : — 

I.  "Note  on  certain  Lichens.*^      By   John  Stenhouse,  LL.D., 
F.R.S.,  &c.      Received  January  10,  1870. 

Through  the  kindness  of  W.  Qarruthers,  Esq.,  of  the  Botanical  De- 
partment of  the  British  Museum,  I  obtained  a  considerable  quantity  of 
lichens  from  the  neighbourhood  of  Moffat  in  Scotland.  These  were  Cla- 
donia  rangtferina^  and  a  mixture  of  Uanea  harhata  md  Evemia  prunastri. 
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the  latter  of  which  were  carefully  separated  by  picking — a  somewhat  tedious 
operation^  as  they  were  much  interlaced. 

Umea  harhata. 

In  order  to  extract  the  usnic  acid  from  this  lichen,  it  was  macerated  for 
about  thirty  minutes  with  a  dilute  solution  of  sodic  carbonate,  squeezed, 
again  treated  once  or  twice  in  a  similar  manner,  and  the  turbid  solution 
precipitated  by  a  slight  excess  of  hydrochloric  acid.  The  crude  dark-green 
add  thus  obtained  was  mixed  with  milk  of  lime  and  a  considerable  quantity 
of  warm  water  (40^  C),  filtered,  and  the  clear  lemon -coloured  solution  of 
usnate  of  calcium  acidulated  with  hydrochloric  acid.  The  acid  was  thus 
precipitated  in  pale  yellow  flocks,  which  were  collected. 

The  reason  that  I  adopted  this  modification  of  the  process  I  formerly 
proposed*  is,  that  although  usnic  acid  readily  dissolves  in  milk  of  lime 
when  it  has  been  extracted,  yet  in  order  to  exhaust  this  and  other  compact 
lichens^  it  requires  to  be  treated  a  great  many  times  if  lime  be  employed, 
whilst  two  or  three  are  sufficient  with  carbonate  of  sodium. 

The  partially  purified  usnic  acid  obtained  in  the  manner  above  described 
was  easily  rendered  quite  pure  by  taking  advantage  of  the  peculiar  pro- 
perty which  this  acid  possesses  of  forming  an  insoluble  calcium  salt  when 
boiled  with  lime.  The  crude  yellow  acid  was  placed  in  a  flask  with  a 
quantity  of  water  and  an  excess  of  slaked  lime,  and  the  mixture  boiled  for 
twenty  minutes  or  half  an  hour.  The  insoluble  calcium  usnate  was  col- 
lectedy  well  washed  with  hot  water,  and  the  lime  then  removed  by  boiling 
it  with  a  slight  excess  of  hydrochloric  acid.  The  tolerably  pure  usnic 
add  was  then  collected,  and  well  washed  with  boiling  water.  It  was 
advisable  to  continue  the  digestion  with  hydrochloric  acid  for  half  an  hour, 
as  it  rendered  the  acid  more  compact  and  easy  to  collect.  By  this  alternate 
treatment  with  lime  and  acid,  a  large  quantity  of  some  dark-coloured  im- 
purity was  removed.  This  forms  the  best  process  for  recovering  usnic 
add  in  a  state  of  tolerable  purity  from  residues. 

It  was  found,  however,  to  be  better,  when  considerable  quantities  of  usnic 
add  were  to  be  prepared,  to  boil  the  pale  yellow  usnic  acid  paste,  as  ob- 
tained by  precipitation  from  the  lime  solution,  with  a  small  quantity  of 
water,  to  which  strong  caustic  soda  solution  was  gradually  added,  sufficient 
to  dissolve  nearly  the  whole  of  the  usnic  acid.  It  was  then  set  aside  to 
crystallize,  and  when  cold  the  very  dark  coloured  supernatant  mother 
liquor  decanted,  and  the  crystals  of  sodic  usnate  washed  once  or  twice  by 
decantation,  with  a  small  quantity  of  cold  water.  It  was  then  redissolved 
and  recrystallized  once  or  twice  in  the  same  manner. 

The  nearly  pure  sodic  usnate  was  now  dissolved  in  a  considerable  quantity 
of  hot  fpirit,  filtered,  and  the  boiling  solution  strongly  acidulated  with 
acetic  acid.  The  usnic  acid  then  separated  in  fine  needles,  which  when 
cold  were  collected,  well  washed  with  cold  spirit  (in  which  they  are  almost 

*  Ann.  der  Chem.  and  Phnrm.  vol.  Ixriii.  p.  98. 
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insoluble),  and  recrystallized  from  boiling  spirit  to  render  them  quite 
pure. 

AVhen  the  quantity  of  acid  operated  on  was  but  small,  the  beat  process 
was  to  dissolve  it,  by  means  of  caustic  soda  solution,  in  a  large  quantity  of 
boiling  spirit,  filler  from  the  insoluble  impurities,  and  strongly  addnlate 
with  acetic  acid.  The  nearly  pure  usnic  acid,  which  crystallises  out  in 
large  needles  when  the  solution  cools,  was  collected,  wasfaied,  and  recryi- 
tallized  two  or  three  times  from  spirit. 

I.  *130  grm.  usnic  acid  gave  *298  grm.  carbonic  anhydride  and  *CNM) 
grm.  water. 

II.  '245  grm.  usnic  acid  gave  *564  grm.  carbonic  anhydride  and  *188 

grm.  water. 

I.  II.  Homo. 

C„      =     216     =     62-43         62-53         6279         62-80 

H„     =       18     =       5-20  5-13  4-99  6-00 

O^       =     112     «=     32-37 

346  100-00 

I.  was  purified  by  boiling  with  lime,  and  II.  by  repeated  crystallization 
of  the  crude  acid  from  spirit. 

In  the  analyses  published  by  W.  Knop,  Rochleder,  and  Heldt,  and  also 
by  myself  in  1848,  the  carbon  is  about  '7o  per  cent,  higher  than  the  above, 
and  the  formula  deduced  from  it  was  C^,  H^^O^.  Hesse*  from  his  analyses 
proposed  the  formula  C^,  Hj,  O^,  which  I  have  adopted. 

TJanate  of  Sodium, 

This  was  best  prepared  by  adding  one  part  pure  usnic  acid  to  twenty  of 
boiling  water,  and  then  sufficient  caustic  soda  solution  to  dissolve  ncwtfly 
the  whole  of  the  acid,  filtering,  and  setting  aside  to  crystallize. 

After  one  recrystallization  it  was  subjected  to  analysis. 

I.  -598  grm.  usuatc  of  sodium  gave  -114  grm.  sulphate  of  sodium. 

II.  '864  grm.  usnate  of  sodium  gave  -168  grm.  sulphate  of  sodium. 

I.  II.  Mean. 


6-18  6-30  6-24 


368  10000 

This  salt  crystallizes  in  pale  yellow  silky  needles,  is  not  very  soluble  in 
cold  water,  but  more  so  in  spirit.  It  b  readily  decomposed  by  carbonic 
anhydride ;  so  much  so,  that  when  pure  sodium  usnate  is  exposed  for  some 
time  to  the  atmosphere,  it  absorbs  carbonic  acid,  and  is  no  longer  com- 
pletely soluble  in  water.  By  passing  a  current  of  carbonic  anhydride 
through  its  aqueous  solution,  the  usnic  acid  is  entirely  precipitated. 

*  Ann.  der  Chem.  und  Pharm,  vol,  cxvii.  p.  345. 
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Calcium  Utnaie. 

When  pare  usnic  acid  was  moistened  with  spirit,  and  then  rubbed  np  in 
a  mortar  with  milk  of  lime,  it  combined  and  formed  a  deep  yellow  paste, 
which,  on  the  addition  of  more  water  and  filtration,  yielded  a  lemon-coloured 
solution,  containing  calcium  nsnate,  and  hydrate.  When  this  solution 
was  heated  it  became  turbid,  and  after  boiling  some  time,  the  whole  of  the 
nsnic  acid  was  deposited  as  an  insoluble  calcium  compound,  in  the  form  of 
small  deep  yellow  rhomboidal  crystals.  Although  I  made  several  analyses 
of  this  compound,  prepared  at  different  times,  I  was  unable  to  obtain  it  of 
a  constant  composition,  probably  owing  to  its  being  mixed  with  yariable 
quantities  of  calcium  carbonate  and  hydrate. 

The  formation  of  this  insoluble  calcium  salt  is  very  characteristic  of  usnic 
acid,  and  is  an  excellent  test  of  its  presence.  As  with  the  sodium  salt, 
carbonic  anhydride  entirely  decomposes  the  calcium  compound,  Usnic 
acid  appears,  therefore,  to  be  a  very  feeble  acid. 

An  attempt  was  made  to  prepare  ethylic  usnale  by  treating  usnate  of 
silver  with  ethylic  iodide,  but  without  success.  When  usnic  acid  was 
treated  with  bromine  it  was  completely  decomposed,  and  converted  into 
an  orange-coloured  uncrystallizable  resin. 

Evemia  prunastri — Evernic  Acid, 

The  evernic  and  usnic  acids  that  this  lichen  contains  were  extracted  by 
the  lime  process,  which  consists  in  macerating  the  lichen  two  or  three 
times  successively  with  milk  of  lime  for  about  half  an  hour  each  time. 
The  solution  of  the  mixed  acids  was  then  filtered,  precipitated  by  a  slight 
excess  of  hydrochloric  acid,  and  the  precipitate  collected  and  dried.  In 
order  to  extract  the  evernic  acid  from  the  mixture,  it  was  agitated  for 
about  five  minutes  with  four  parts  boiling  alcohol  and  filtered.  The  acids 
remaining  undissolved  were  treated  two  or  three  times  with  the  same 
quantity  of  boiling  alcohol,  and  the  dissolved  eveniic  acid  precipitated  by 
the  addition  of  an  equal  bulk  of  water.  By  this  means  the  evernic  acid, 
being  readily  soluble  in  boiling  alcohol,  was  in  a  great  measure  separated 
from  the  usnic  acid,  which  dissolves  with  difficulty  in  that  menstruum 
unless  digested  with  it  for  a  considerable  time.  The  crude  evernic  acid 
thos  obtained  amounted  to  about  one-third  of  the  mixed  acids,  and  was 
purified  by  repeated  crystallization  from  strong  spirit,  taking  care  not  to 
digest  it  for  any  length  of  time.  The  process  is  much  facilitated  by 
completely  removing  the  mother  liquors  by  Bunseu's  vacuum  filter. 

Fare  eveniic  acid,  as  has  been  already  described  by  myself*  and  Hessef, 
conaisti  of  aggregations  of  minute  needles,  melting  at  164^  C.  It  is  a 
feeble  aeid,  and  does  not  decompose  solutions  of  bicarbonate  of  sodium  in 
the  cold  ;  as,  however,  the  adhering  colouring-matter  is  somewhat  soluble 
in  that  menstranm,  it  may  be  employed  to  free  the  crude  acid  to  a  great 

*  Ann.  der  Chem.  und  Pharm.  vol.  Ixriii.  p.  84, 
t  Ibid.  vol.  cxvii.  p.  298. 
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extent  from  that  impurity.  The  solution  of  calcium  evernate  is  decom- 
posed by  a  long-continued  current  of  carbonic  anhydride,  which  precipi- 
tates calcic  carbonate  and  unaltered  evernic  acid. 

On  theoretical  grounds  it  has  been  stated*  that,  by  the  action  of  potaasic 
or  baric  hydrate,  evernic  acid  should  be  resolved  into  orsellinic  and  erer- 
ninic  acids.  This  prediction,  however,  is  incorrect,  as  I  find,  as  formerly 
statedf,  that  eveminic  acid  is  the  only  fixed  product. 

Tetrahrom-evernic  Acid. 

Perfectly  dry  and  finely  powdered  evernic  acid  was  treated  in  the  cold 
with  a  slight  excess  of  dry  bromine,  large  quantities  of  hydrobromic  add 
were  given  off,  and  a  brominated  compound  produced.  In  order  to  preTcnt 
any  portion  of  the  acid  escaping  bromination,  the  product  was  finely  pow- 
dered and  again  treated  with  bromine.  After  standing  some  time  to  allow 
the  excess  of  bromine  to  volatilize,  the  finely  powdered  compound  was  well 
washed  with  bisulphide  of  carbon,  to  remove  the  last  traces  of  bromine, 
and  a  small  quantity  of  a  resinous  body  which  is  produced  at  the  same 
time.  Two  or  three  crystallizations  from  boiling  spirit  render  it  quite  pure. 
When  subjected  to  analysis,  it  gave  the  following  results: — 

I.  '312  grm. acid  gave  *362  grm. carbonic  anhydride  and  '067  grm.  water. 

II.  '321  grm.  acid  gave  '373  grm.  bromide  of  silver. 

n. 


49-44 


648  100-00 

This  analysis  agrees  very  well  with  the  formula  C,^  H,j  Br^  O^,  four 
equivalents  of  hydrogen  in  evernic  acid  being  replaced  by  bromine. 

Tetrabrom-evernic  acid  is  rather  soluble  in  hot  alcohol,  from  which  it 
crystallizes  on  standing  some  time  in  small  colourless  prisms.  It  is  inso- 
luble in  water  and  bisulphide  of  carbon,  slightly  soluble  in  hot  benzol,  and 
readily  in  ether,  which  when  quickly  evaporated  leaves  it  as  a  transparent 
colourless  resin  ;  it  melts  at  161^  C.  The  acid  is  very  soluble  in  alkaline 
solutions,  which  on  evaporation  dry  up  to  a  gummy  mass.  When  heated 
with  concentrated  sulphuric  acid  it  decomposes. 

Usnic  Acid  from  Evernia  prunastri. 

The  usuic  acid  left  undissolved  in  the  preparation  of  evernic  acid  usually 
retained  traces  of  that  acid  even  after  repeated  treatment  with  alcohol ;  but 
this  was  entirely  removed  by  boiling  with  lime,  as  described  in  the  first 
part  of  this  paper.  This  decomposed  and  removed  the  eremic  add  and 
other  impurities,  leaving  the  usnic  acid  in  the  form  of  an  insoluble  caldum 

♦  Watte's  Diet.  Chem.  voL  ii.  p.  611.; 

t  Ann.  der  Chem.  and  Fharm.  vol.  IxviiL  p.  86. 
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salt.    The  add  when  freed  from  lime  and  purified,  melted  at  202^  C,  and 
bj  analjoB  gaye  the  following  results : — 

I.  *409  grm.  usnic  acid  gave  *939  grm.  carbonic  anhydride  and  *188 
grm.  water. 

I. 

C,  =  216  =  62-43  62-63 
H,8  =  18  =  5-20  5-11 
O,   =  112  =  32-37 

346     100-00 

From  the  above  analyses  it  will  be  seen  that  the  usnic  acid  from  Evernia 
prunasiriia  identical  in  composition  with  that  from  Usnea  barbata.  It  has 
the  same  melting-point,  and  agrees  with  it  in  all  its  other  properties. 

Cladonia  rangiferina. 

In  1848  *  I  extracted  the  lichen  acid  from  Cladonia  rangiferina,  and 
by  analysis  found  it  to  have  the  same  composition  as  usnic  acid,  with  which 
it  agrees  very  closely  in  its  properties.  Hesse,  however,  observedt  that 
this  add  had  a  different  melting-point  (175^  C.)  from  ordinary  usnic  acid 
(203°  C),  and  proposed,  therefore,  as  it  so  closely  resembled  ordinary 
usnic  acid  in  its  general  character,  to  call  it  /3-usnic  acid. 

Cladonic  Acid,  fi-orcin, 

I  formerly  obtainedt  /3-orcin  by  subjecting  to  destructive  distillation  a 
mixture  of  the  adds  from  Cladonia  rangiferina  and  various  species  of  Usnea; 
but  I  have  lately  found  that  ordinary  usnic  acid,  melting  at  203^  C,  ob- 
tained (rota  Evernia  prunastri,  Ramalina  calicaris,  and  the  various  Usneas, 
does  not  yield  a  trace  of  /3-orcin  when  distilled,  whilst,  on  the  contrary, 
the  add  extracted  from  Cladonia  (Hesse's  /3-usnic  acid  melting  at  175^  C), 
on  bdng  subjected  to  the  same  treatment,  yields  /3-orcin,  thus  showing  a 
marked  difference  in  the  products  of  its  decomposition  from  ordinary  usnic 
add,  as  well  as  in  its  melting-point.  Under  these  circumstances,  therefore, 
I  think  that  it  would  be  better  to  name  the  acid  from  Cladonia  rangiferina 
"  Cladonic  Add,"  instead  of  /3-usnic  acid,  as  proposed  by  Hesse. 

I  expected  to  have  been  able  to  subject  cladonic  acid  to  a  more  careful 
examination,  and  procured  for  that  purpose  a  quantity  of  Cladonia  rangi- 
ferina  from  the  neighbourhood  of  Moffat.  Unfortunately,  however,  it  was 
not  gathered  until  the  beginning  of  December,  and  I  was  surprised  to  find 
that  it  contained  scarcely  a  trace  of  cladonic  or  any  similar  acid.  I  intend 
to  obtain  a  new  quantity  next  summer,  when  I  hope  to  be  more  successful. 

I  cannot  conclude  this  paper  without  acknowledging  the  efficient  assis- 
tance I  have  recdved  from  Mr.  Charles  £.  Groves. 

*  Ann.  dor  Chem.  und  Pharm.  vol.  Ixviii.  p.  98. 
t  Ibid.  vol.  cxvii.  p.  347. 
\  Ibid.  vol.  Izviii.  p.  104. 
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II.  ''On  the  successive  Action  of  Sodium  and  Iodide  of  Ethyl 
upon  Acetic  Ether."  By  E.  Frankland,  F.R.S.,  and  B,  F. 
Duppa,  Esq.,  F.R.S.     Received  January  18, 1870. 

In  a  paper  by  Mr.  J.  Alfred  Wanklyn,  bearing  the  above  title,  and  pub- 
lished in  the  Proceedings  of  the  Royal  Society,  vol.  xviii.  p.  91,  the 
author  refers  to  our  memoir  on  the  same  subject  printed  in  the  Philo- 
sophical Transactions  for  18G6,  vol.  clvi.  p.  37,  and  expresses  his  opinion 
that  our  interpretation  of  the  nature  of  the  reaction  must  be  erroneoiis 
because  it  involves  the  disengagement  of  hydrogen.  This  opinion  u  founded 
upon  certain  experiments  which  Mr.  Wanklyn  has  himself  made,  and  which 
are  described  in  the  number  of  Liebig's  '  Annalen'  for  January  1869,  and 
in  the  Chemical  Society's  Journal,  vol.  ii.  p.  371. 

In  reference  to  this  opinion  we  have  to  remark,  first,  that  it  is  founded 
upon  experiments  which  differ  essentially  from  our  own ;  and,  second,  that 
even  the  results  obtained  in  those  experiments  by  the  author  do  not  warrant 
the  conclusion,  at  variance  with  ours,  which  he  has  drawn  from  themt 
viz.  that  the  evolution  of  hydrogen  in  this  reaction  is  inadmissible. 

The  reaction,  the  theoretical  explanation  of  which  Mr.  Wanklyn  seeks  to 
controvert,  is  described  in  the  Philosophical  Transactions,  vol.  clvi.  p.  38| 
as  follows : — *'  When  acetic  ether  is  placed  in  contact  with  sodium  it  be- 
comes hot,  and  a  considerable  quantity  of  gas  is  evolved,  which,  afler  being 
passed  first  through  alcohol  and  then  through  water,  bums  with  a  non- 
luminous  flame,  and  the  products  of  combustion  do  not  produce  the  slightest 
turbidity  on  agitation  with  baryta- water.  In  fact  the  gas  is  pure  hydrogen. 
When  the  action  is  complete,  the  liquid  solidifies  on  cooling  to  a  mail 
resembling  yellow  beeswax.  By  putting  the  sodium  into  the  acetic  ethor 
as  just  described,  it  is  difficult  to  conduct  the  operation  to  completion, 
owing  to  the  liquid  gradually  assuming  such  a  thick  and  pasty  condition  as 
to  prevent  the  further  action  of  the  sodium."  Owing  to  the  difiicolty  of 
carrying  the  reaction  far  enough  in  this  way  we  frequently  employed  a 
modification  of  this  process,  which  is  minutely  described  in  the  same 
memoir.  The  modification  consisted  in  placing  the  sodium  in  a  separate 
vessel  and  causing  the  acetic  ether  to  distil  continuously  over  it;  thus 
the  portions  of  acetic  ether  still  unacted  upon  were  brought,  again  and 
again,  into  contact  with  the  sodium,  whilst  the  non-volatile  product  of  the 
operation  was  retained  in  a  lower  vessel.  As  we  acted  upon  several  pounds 
of  acetic  ether  at  once,  the  operation  frequently  lasted  several  days,  and 
during  the  ichole  time  torrents  of  hydrogen  were  evoloed.  The  tempera- 
ture of  the  liquid  in  the  distillation  vessel  was  allowed  to  rise  to  130^  C^ 
and  the  amount  of  sodium  consumed  was  not  much  less  than  one  atom  for 
each  molecule  of  acetic  ether  employed. 

We  have  made  several  attempts  to  determine  quantitatively  the  volume 
of  hydrogen  given  off  from  a  known  weight  of  sodium,  and  also  from  a 
known  weight  of  acetic  ether,  but  in  neither  operation  could  we  obtain  a 
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tmttworthj  result.  In  the  fint  cose  because  the  sodium,  which  fuses 
dariug  the  reaction,  breaks  up  into  a  vast  number  of  very  minute  globules, 
the  final  disappearance  of  which  in  the  highly  coloured  and  pasty  product 
it  is  impossible  to  Terify.  In  the  second  case  because  the  thickening  of 
the  liquid  prevents  the  reaction  being  pushed  far  enough  to  decompose  the 
whole  of  the  acetic  ether  employed.  In  a  quantitative  experiment,  in  which 
4*857  grammes  of  acetic  ether  were  acted  upon  by  sodium  in  slight  excess, 
344*79  eub.  centims.  of  hydrogen  at  0°  C.  and  760  millims.  pressure  were 
obtained.  If  one  molecule  of  acetic  ether  had  lost  one  atom  of  hydrogen, 
615*9  cub.  centims.  of  gas  ought  to  have  been  collected.  It  was  evident, 
however,  that  a  large  proportion  of  acetic  ether  still  remained  unattacked 
at  the  close  of  the  experiment. 

Such,  then,  was  our  mode  of  operating;  the  hydrogen  evolved  was 
allowed  freely  to  escape,  the  whole  process  was  conducted  at  the  ordinary 
atmospheric  pressure,  and  the  temperature  varied  from  the  boiling-point 
of  acetic  ether  to  130^  C.  Moreover  the  acetic  ether  used  was  prepared 
with  the  greatest  care  so  as  to  ensure  the  absence  of  alcohol  and  water. 
By  our  method  of  preparation,  described  in  the  memoir  already  cited,  no 
timoei  of  the  former  could  be  detected  even  in  the  crude  ether ;  nevertheless 
it  was  first  placed  for  several  days  over  fragments  of  fused  calcic  chloride, 
which  apparently  remained  perfectly  dry  and  unaffected ;  it  was  then  in 
some  eases  boiled  for  ten  days  or  a  fortnight  upon  many  pounds  of  sodium- 
amalgam,  which  we  find  to  be  entirely  without  action  upon  pure  acetic 
ether,  whilst  it  rapidly  attacks  and  removes  alcohol,  if  the  latter  be  added 
even  in  very  small  proportion  to  the  acetic  ether.  When  acetic  ether,  so 
treated  and  then  distilled  from  the  sodium-amalgam,  was  brought  into 
eontact  with  the  sodium,  an  abundant  evolution  of  hydrogen  immediately 
commenced,  and  continued  during  the  entire  treatment,  which,  as  already 
remarked,  frequently  lasted  several  days.  The  general  impression,  how- 
ever, produced  upon  us  by  the  whole  of  our  operations  was,  that  the  evo«> 
lution  of  hydrogen  was  not  quite  so  great  as  that  theoretically  required  by 
the  reactions  which  we  believe  to  take  place ;  nevertheless  it  was  obvious 
that  no  equations,  from  which  free  hydrogen  was  excluded,  could  possibly 
eorrectly  express  the  chemical  changes  effected  in  this  action.  Certain 
experiments  were  undertaken  to  trace  the  missing  hydrogen,  but  as  they 
have  not  hitherto  been  completed  we  will  not  further  allude  to  them  here. 

Wc  now  turn  to  Mr.  Wanklyn's  mode  of  experimenting.  This  is  not 
stated  in  his  communication  to  the  Royal  Society,  but  is  given  in  the 
Journal  of  the  Chemical  Society,  vol.  xvii.  p.  371,  and  in  the  Ann.  Chem. 
Q.  Fharm.  for  January  1869,  as  follows  :— 

E*p.  1.  "I  sealed  up  a  quantity  of  sodium  with  acetate  of  ethyl,  tohieh 
had  been  very  carefully  deprived  of  alcohol  and  water,  and  weighed  the 
tube  containing  these  materials.  I  then  heated  the  tube  to  130^  C.  for 
some  timet  until  the  contents  had  changed  from  liquid  to  solid.  After 
optmng  the  tube  and  allowing  any  gas  that  might  have  formed  to  escape,  I 
weighed  it  again.    The  loss  amounted  to  0*5  in  100  parts  of  acetic  ether ^ 
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Exp.  2.  "  5  cub.  centims.  of  good  acetate  of  ethyl  and  0*3  grm.  of  sodimn 
were  scaled  up  in  a  small  glass  tube  and  heated  in  a  water-bath  to  100^  C. 
until  all  the  sodium  had  disappeared.  The  tube  was  then  opened  under 
water ;  the  evolved  gas  measured  25  cub.  centims.  at  ordinary  temperature, 
but  at  0°  C.  and  760  millims.  pressure  and  dry  it  measured  23  cub.  centims. 
If  the  Tolume  of  hydrogen  be  calculated,  which  is  equiTalent  to  0*3  grm. 
sodium,  it  will  be  found  to  be  140  cub.  centims." 

Exp.  3.  ''  Another  specimen  of  acetic  ether,  which  was  prepared  with 
greater  care,  evolved  no  gas  by  the  action  of  potassium  or  sodium." 

It  is  thus  evident  that  whilst  we  allowed  all  evolved  gas  freely  to  escape, 
Mr.  Wanklyn  operated  in  sealed  tubes  under  great  pressure, — an  alteration 
in  the  conditions  of  the  experiment  which  might  well  lead  to  a  modification 
of  the  result.  Mona.  L.  Cailletet  has  recently  shown  that  the  evolution  of 
hydrogen  from  zinc  and  hydrochloric  acid  is  gradually  diminished  and 
finally  stopped  under  increasing  pressure ;  and  the  same  chemist  also  finds 
that  the  evolution  of  hydrogen  from  sodium-amalgam  and  water  is  dimi- 
nished and  finally  stopped  in  a  sealed  tube.  It  follows  from  these  experi- 
ments that  pressure  retards  or  even  interrupts  a  reaction  in  which  a  per- 
manent gas  is  evolved,  whilst  it  is  known  to  exercise  little  or  no  influence 
upon  other  chemical  changes  in  which  no  evolution  of  gas  takes  place. 
This  influence  of  pressure  upon  certain  kinds  of  chemical  action  affords  an 
explanation  of  the  difference  between  the  results  of  Mr.  Wanklyn's  experi- 
ments and  our  own,  as  regards  the  evolution  of  hydrogen  during  the  acUon 
of  sodium  upon  acetic  ether.  We  can  confirm  his  observation  that  sodium 
dissolves  in  valeric  ether,  under  ordinary  atmospheric  pressure,  without  the 
evolution  of  any  gas.  A  reaction,  whatever  its  nature  may  be,  which  thus 
proceeds  readily  with  ethylic  valerate  can  scarcely  be  impossible  with  its 
homologue,  acetic  ether,  and  it  is  probable  that  this  reaction  goes  on  side 
by  side  with  those  which  we  have  described  in  our  memoir ;  but  when  the 
pressure  is  moderate  those  changes  chiefly  take  place  which  involve  the 
disengagement  of  hydrogen,  whilst  under  the  great  pressure  arising  in 
sealed  tubes  these  changes  are  more  or  less  suppressed,  and  the  reaction 
observed  by  Mr.  Wanklyn  comes  into  prominence. 

Lastly,  Mr,  Wanklyn's  own  experiments  scarcely  justify  his  unqualified 
opinion  that  "equations  which  assume  evolution  of  hydrogen  in  these 
reactions  are  inadmissible."  In  two  out  of  three  of  his  experiments,  hy- 
drogen in  considerable  quantity  was  evolved ;  and  although  in  experiment 
No.  2,  given  above,  he  attributes  the  hydrogen  to  the  presence  of  alcohol, 
yet  in  experiment  No.  1  its  origin  cannot  be  so  explained,  as  he  states 
expressly  that  the  acetic  ether  employed  "  had  been  very  carefully  deprived 
of  alcohol  and  water ;"  yet  the  proportion  of  hydrogen  evolved  in  this  case 
was  much  larger  than  in  experiment  No.  2. 

We  reserve  our  observations  upon  Mr.  Wanklyn's  views  regarding  the 
changes  which  take  place  when  sodium  acts  upon  acetic,  butyric,  and 
valeric  ethers,  until  the  publication  of  the  experimental  data  upon  which 
those  views  are  founded. 
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March  «,  1870. 

Lieut.-6cneral  Sir  EDWARD  SABINE,  K.C.B.,  President,  ia 

the  Chair. 

In  ftcoordance  with  the  Statutes,  the  names  of  the  Candidates  for  election 
into  the  Sodetj  were  read  as  follows : — 


l¥miam  Baker,  C.E. 

Edward  Middleton  Barry,  B.A. 

Ber.  Francis  Bashforth,  B.D. 

Bernard  Edw.  Brodhurst,  F.R.C.S. 

Samuel  Brows,  P.I. A. 

James  Bmnlees,  C.E. 

Frank  T.  Bnckland,  M.A. 

George  William  Callender,  F.R.C.S. 

Commander  William  Chimmo,  R.N. 

Frederick  Legros  Clark,  F.R.C.S. 

Henry  Dircks,  Esq. 

Alexander  Fleming,  M.D. 

Peter  Le  Neye  Foster,  M.A. 

Sir  Charles  Fox,  C.E. 

William  Froude,  M.A. 

Thomas  Minchin  Goodere,  M.A. 

Edward  Headlam  Greenhow,  M.D. 

Edmund  Thomas  Higgins,  F.R.C.S. 

Ber.  Thomas  Hincks,  B.A. 

Charles  Home,  Esq. 

Bey.  A.  Hume,  LL.D. 

James  Jago,  M.D. 

William  Stanley  Jeyons,  M.A. 

George  Johnson,  M.D. 

M.  Kelbume  King,  M.D. 

James  Atkinson  Longridge,  C.E. 

Neyil  Story  Mnskelyne,  M.A* 


Maxwell  Tylden- Masters,  M.D. 
Thomas  George  Montgomerie,  Major 

R.E. 
Alfred  Newton,  M.A. 
Andrew  Noble,  Esq. 
Thomas  Nunneley,  F.R.C.S. 
Edward  Latham  Ormerod,  M.D. 
Capt.  Sherard  Osborn,  R.N. 
Rev.  Stephen  Parkinson,  B.D. 
Capt.  Robert  Mann  Parsons,  R.E. 
William  Overend  Priestley,  M.D. 
Charles  Bland  Radcliffe,  M.D. 
William  Henry  Ransom,  M.D. 
Edward  James  Reed,  C.B. 
William  James  Russell,  Ph.D. 
Robert  H.  Scott,  Esq. 
John  Shortt,  M.D. 
Edward  Thomas,  Esq. 
Cromwell  Fleetwood  Varley,  (3.E. 
George  Frederic  Verdon,  C.B. 
Augustus  Voelcker,  Ph.D. 
Arthur  Viscount  Waldeu,  P.Z.S. 
George  Charles  Wallich,  M.D. 
A.  T.  Houghton  Waters,  M.D. 
Samuel  Wilks,  M.D. 
Crtpt.  Charles  William  Wihon,  R.E. 
John  Wood,  F.R.C.S. 


The  following  communications  were  read  : — 

I.  ''Results  of  the  Monthly  Observations  of  Dip  and  Horizontal 
Force  made  at  the  Kew  Observatory,  from  April  1863  to 
March  1869  inclusive.*'  By  Balfour  Stewart,  F.R.S., 
Superintendent  of  the  Observatory.  Received  January  26, 
1870. 

1.  In  a  communication  made  to  this  Society  by  the  President,  Sir  E. 
Sabine,  and  published  in  the  Philosophical  Transactions  for  18G3,  page 
273»  we  have  the  lesnlts  of  the  monthly  obseivations  of  Dip  and  Hori- 
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zontal  Force  made  at  Kew  for  the  six  years  ending  March  1863.  In  the 
present  communication  it  is  proposed  to  reduce  in  a  simikr  manner  the 
results  of  the  following  six  years. 

The  mode  of  ohserration  has  already  heen  so  fully  descrihed  by  Sir  E. 
Sabine  that  no  further  account  of  it  is  necessary ;  suffice  it  to  say  that 
in  October  1863  Mr.  Chambers  left  the  Observatory  for  India,  and  that 
Mr.  George  Whipple  took  his  place  as  Magnetical  Assistant.  Mr.  Whipple 
has  since  continued  to  observe  every  month  with  the  utmost  care  and 
assiduity,  employing  the  same  instruments  that  were  used  by  his  prede- 
cessor, and  the  same  methods  of  observation  and  reduction.  A  smaller 
number  of  observations  by  other  instruments  and  other  observers  have 
likewise  been  made,  but  it  has  been  thought  desirable  to  limit  this  discus- 
sion to  the  series  made  by  the  regular  observer.  I  ought  likewise  to  atate 
that  both  the  dip-circle  and  unifilar  stood  in  need  of  slight  repairs^  and 
that  they  were  put  into  the  hands  of  opticians  for  this  purpose  ;  the  first 
observation  with  the  repaired  dip-circle  being  that  of  January  1869,  and 
with  the  repaired  unifilar  that  of  December  1868. 

I.  Dip. 

2.  In  Table  I.  we  have  a  record  of  the  observed  values  of  dip  made 
with  circle  No.  33  by  Barrow,  each  observation  being  the  mesax  of  two 
made  with  the  two  needles  belonging  to  that  circle. 

Table  I. — Observed  values  of  the  Magnetic  Dip  at  Kew. 


April 

May    

June  , 

July   

August   . . , 
September 


1863. 

1864. 

O        / 

68  151 

0    / 
68    9*4 

Il'O 

87 

lO'l 

lOI 

IO-8 

IO-8 

14-6 
68  13-2 

9-6 

68  XO'O 

68  12-47 

68    977 

1865. 


1866. 


o 
68 


68 


77 
6-6 

9-8 

lO'O 

9'4 

lO'I 


o 
68 


68 


68 


5-8 

4-8 

4*9 
40 

7-0 


1867. 

1808. 

Miem  of 
Syeut. 

0   / 

0   / 

^0  / 

68  3*8 

68  3-4 

6a  753 

29 

1*1 

6*03 

23 

i-i 

til 

2-6 

1-8 

r8 

>*9 

6-tS 

68  02 

68  34 

68  7-31 

j  68  2-27 

68  2*12 

68  6t3 

18G3-C4.  18C4-C5.:  18C5-G6.  18t)6-67.!  1867-68. 


October  ... 

NoTember 

December 

January... 

February 


68  irS 
11*8 


...:  11*2 

...'  10-3 

...'  107 

March    168  9*9 


0 

i 

0    / 

68 

Il'O 

68  9-9 

8-5 

89 

96 

7*5 

95 

7*4 

7*1 

77 

68 

7*4 

68  7-0 

68  6*5 

7*8 
42 

6-5 

41 
68  3-8 


180 

»7-68. 

1868-00.  ?*"  ^^ 

oyeuv. 

c 

68 

i 
1         0      / 
28     68     5-6 

&  7-93 

56     67  59*9^ 

7-08 

2*9    [68    0-8] 

6*03 

3« 

68    r8 

6*43 

17 

2-8 

5-85 

68 

07 

68   2-0 

68  5*14 

1 

68  1095  68     885    68  8-07     68  548     j68  2*97    68     2*15;  68  6*41 


68  ii7ij68     9-31    68  8*50!  68  544 1  68  262  I  68    2*13 


68  6-6i 


The  number  within  brackets  is  interpolated. 
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3.  The  absolute  yalaes  of  the  dip  corresponding  to  the  beginning  of 
October  in  eacb  of  the  years  comprehended  in  the  above  Table  and  the  se- 
colar  change  in  each  year  are  as  follows : — 


Prom  April  1863  to  Mardi  18G4   68  1171 

1865    68    9-31 


i» 


>« 


i> 


xwvx   „ 

ft 

1865., 

t* 

1866  „ 

it 

1867,, 

11 

1868,, 

If 

1866 

1867 

1868 
1869 


68  8*50 

68  5-44 

68  1-62  '•. 

68  2*13/ 


secular  change  —2*40 
— o'8i 


it 


fi 


♦» 


>» 


ff 


f> 


f> 


ff 


— 3*o6 
-2-82 

-049 


Mean  of  the  six  years  oorrespondiug  to  1  ^»     >-.^  \  with  a  mean  annual  se- 
middle  epoch,  April  1,  1866 /  ^^    **  ^'^  J    cuUr  decrease  of  i '-92. 

4.  The  annual  variation  or  semiannual  inequality  may  be  shown  to  be  as 
follows : — 

Table  II. 


Observed  minus  calcu- 

Corrections 

68°  6'-62 

Observed 

lated. 

Date. 

for  secular 
change. 

+  secular 
change. 

values. 

April  to 
Sept. 

October  to 

March. 

July  1,1863... 

+528 

0      1 
68  xi'90 

0     1 
68  12*47 

+0-57 

1 

Jan.  1, 1864  ... 

+4*3* 

10-94 

io'95 

-f-o-oi 

July  1,  1864  ... 

+336 

998 

9-77 

—  0*2I 

Jan.  1,1865  ... 

+2-40 

9*02 

885 

— 0*17 

July  1,1865... 

+  1-44 

8*o6 

893 

+  0-87 

Jan.  1, 1866  ... 

+0-48 

7*io 

8-07 

-f-o-97 

July  1, 1866  ... 

— 0-48 

6*14 

5-40 

-074 

Jan.  1, 1867  ... 

-1*44 

S18 

5-48 

+0-30 

July  1, 1867 ... 

—2-40 

422 

2-27 

-1-95 

Jan.  1, 1868  ... 

-3-36 

3*26 

2-97 

— 0*27 

July  1, 1868  ... 

-4-32 

2*30 

2'12 

—018 

Jan.  1, 1869  ... 

-5-28 

68     1*34 

68    215 

+o-8i 

Ifean  differences  between  th< 

3  observed  an( 

i  calculated  1 
• J 

+0-27 

Talue*  in  the  rMnrwwfivA  tmm{ 

annual  periods 

— 0  27 

5.  We  therefore  deduce  from  these  six  years*  observations  the  existence 
of  a  aemiannual  inequality,  in  virtue  of  which  the  dip  is  on  an  average 
0'''27  lower  in  the  six  months  from  April  to  September,  and  0'*27  higher 
in  the  six  months  from  October  to  March  than  is  due  to  its  mean  value. 

This  result  is  in  the  same  direction  as  that  found  by  Sir  E.  Sabine  for 
the  rix  years  ending  March  1863,  but  is  less  in  amount  than  the  latter, 
that  detennined  from  the  first  six  years  exhibiting  a  range  of  r*31,  while 
that  determined  from  the  last  six  years  only  exhibits  a  range  of  0'*54. 

6.  As  already  mentioned,  the  observations  for  the  first  six  years  were 
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nearly  all  made  by  Mr.  Chambers,  and  those  for  the  last  six  yean  nearly 
all  by  Mr.  Whipple. 

From  the  first  six  years  we  deduce  a  mean  dip  equal  to  68°  20'*079  oor- 
responding  to  middle  epoch  April  1, 1860,  and  from  the  latter  six,  a  mean  dip 
equal  to  68°  6''62,  corresponding  to  middle  epoch  April  1, 1866,  while  the 
secular  change  deduced  from  the  first  series  is  2''00,  and  that  deduced 
from  the  last  series  r*92,  the  mean  of  these  two  values  being  r*96. 

If  we  apply  this  mean  value  of  the  secular  change  to  the  mean  result 
corresponding  to  the  epoch  April  1,  1860,  in  order  to  bring  it  to  the  epoch 
April  1,  1866,  we  obtain 

68°  20'-07-ll'-76=68°  8'-31, 

whereas  that  deduced  from  the  second  series  corresponding  to  this  epoch 
is  68°  6-62. 

The  former  of  these  is  V'69  higher  than  the  latter,  and  it  may  be  de- 
sirable to  investigate  the  cause  of  this  difference. 

7.  In  the  first  place,  it  cannot  I  think  be  due  to  any  personal  equation 
in  the  observer.  Of  late  I  have  made  occasional  observations  with  the 
circles  and  needles  used  by  Mr.  Whipple,  with  the  view  of  determining 
whether  there  is  any  personal  peculiarity  in  the  dip  observations  of  either 
of  us. 

The  mean  of  1 2  such  dips  taken  by  me  is 68°  3''95 

while  the  mean  of  1 2  comparable  dips  taken  by  Mr.  Whipple  is  68°  3''85 
showing  a  difference  of  not  more  than  O'l,  which  small  difference  may  pro« 
bably  be  occasioned  by  accidental  disturbance  rather  than  by  personal 
peculiarity. 

During  the  time  when  Mr.  Chambers  was  at  Kew  no  comparative 
observations  were  made  with  this  particular  object  in  view,  and  I  cannot 
find  a  sufficient  number  of  strictly  comparabh  dips  to  determine  with 
certainty  what  was  the  mean  difference,  if  any,  between  his  readings  and 
mine.  The  result  would,  however,  seem  to  indicate  that  his  reading  is 
rather  lower  than  mine,  certainly  not  more  than  half  a  minute,  but  pro- 
bablv  much  less. 

There  is  therefore  no  reason  for  supposing  that  Mr.  Whipple  reads 
the  dip  to  an  appreciable  amount  lower  than  Mr.  Chambers,  so  that  the 
difference  of  l'*69  cannot  be  accounted  for  by  this  supposition. 

8.  Sir  E.  Sabine  has  remarked  as  follows  (rPoceedings  of  the  Royal  Society, 
Nov.  30,  1865,  p.  491)  : — "  The  general  effect  of  the  disturbances  of  the 
inclination  at  Toronto  is  to  increase  what  would  otherwise  be  the  amount 
of  that  clement ;  therefore  if  the  disturbances  have  a  decennial  period, 
the  absolute  values  of  the  inclination  (if  observed  with  sufficient  delicacy) 
ought  to  show  in  their  annual  means  a  corresponding  decennial  variation, 
of  which  the  minimum  should  coincide  with  the  year  of  minimum  dis- 
turbance, and  the  maximum  with  the  year  of  maximum  disturbance.*' 
At  Toronto,  where  the  true  secular  change  is  very  small,  the  effect  of  this 
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superimposed  yariation  is  very,  visible,  so  that  the  yearly  values  of  the 
inclination  appear  to  increase  up  to  the  period  of  maximum  disturbance 
and  to  decrease  after  it.  At  Kew,  the  general  effect  of  disturbances 
18  probably  the  same  as  at  Toronto,  that  is  to  say,  tending  to  increase 
the  inclination ;  but  the  secular  change  being  considerable,  and  tending 
to  decrease  the  inclination,  the  joint  effect  of  the  secular  change  and  the 
superimposed  variation  might  be  expected  to  appear  in  a  diminution  of  the 
yearly  secular  change  for  those  years  during  which  the  disturbances  are 
increasing  from  their  minimum  to  their  maximum  value,  and*  in  an  increase 
of  the  yearly  secular  change  for  those  years  during  which  the  disturbances 
are  decreasing  from  their  maximum  to  their  minimum. 

The  law  of  diminution  of  the  dip  at  Kew  due  to  the  conjoint  action  of 
these  two  causes,  may  thus  be  graphically  represented  in  the  following 
exaggerated  curve — 


D 


where  B  represents  the  epoch  of  maximum,  and  C  that  of  minimum 
disturbance. 

Also,  we  may  regard  A  B  £  as  denoting  the  first  six  years*  results,  and 
E  C  D  those  of  the  second  six  years,  the  epoch  of  maximum  approximately 
falling  about  the  middle  of  the  first  six  years'  observations,  and  the  epoch 
of  minimum  about  the  middle  of  the  second. 

Now  the  slope  of  the  line  A  £  D  represents  the  average  secular  change, 
also  (1)  represents  the  mean  of  dips  deduced  from  the  first  scries  of 
six  years,  and  (2)  the  mean  of  those  deduced  from  the  second  series, 
(I)  being  above  the  line  of  average  dip,  and  (2)  being  below  it.  From 
this  it  is  evident  that,  in  order  to  bring  ( 1 )  to  the  same  epoch  as  (2),  we 
should  have  to  apply  to  (1)  a  greater  than  the  average  secular  change. 
But  before  this  reasoning  can  be  used  to  account  for  the  difference  of 
1^*69,  we  most  examine  whether,  as  a  matter  of  fact,  in  the  Kew  observa- 
tions the  secular  change  is  less  than  the  mean  during  periods  of  increasing 
disturbance,  and  greater  than  the  mean  when  the  disturbances  are 
decreasing. 

9.  Taking  the  two  series  of  six  years  as  comprising  the  most  regular  and 
reliable  observations  made  at  Kew,  and  deducting  the  mean  dip  for  1857, 
in  the  Table  prepared  by  Sir  £.  Sabine,  from  that  for  1868  in  Table  I.  of 
this  paper,  we  find  a  mean  secular  change  of  2^*07. 

On  Uie  other  hand,  the  actual  yearly  changes  and  their  differences  from 
the  mean  are  as  follows : — 
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Table  III. 


[Utf.S, 


Dato. 

Observed  secular  change. 

Observed  minus  aTenge 
secular  change. 

1857-58 

2-31 

lis 

2*12 

+o*i4 
—0*91 
+005 

—  0'20 
+0-46 
+  I'II 

+o*33 
—  1*26 

+0-99 

+075 
-1-58 

1858-59 

1851M50 

18(i0-0I 

l«7 
Ji8 

2*40 

o-8i 
3 -06 
282 

18GI-C2 

18(i2-()3.; 

lim-M 

1864-65 

1865-66 

186ft-67 

1867-68 

0-49 

If  we  take  the  first  three  and  the  last  two  of  the  above  differences  as 
belonging  to  the  years  when  the  disturbances  were  increasing,  we  find  a 
secular  change  less  than  the  average  by  a  mean  of  0'*29 ;  and  if  we  take 
the  remaining  six  differences  as  belongmg  to  the  years  when  the  diatnii)- 
ances  were  decreasing,  we  find  a  secular  change  greater  than  the  aTerage 
by  a  mean  of  0'*24. 

It  would  therefore  appear  that  the  Kew  observations  present  a  pecu- 
liarity similar  to  those  at  Toronto,  so  that  the  difference  of  I' '69  between 
the  two  sets  of  observations  may  probably  be  accounted  for  by  this  cauae. 

10.  We  may,  in  fact,  exhibit  the  peculiarities  of  the  graphical  represen- 
tation given  above  by  means  of  the  actual  results.  Thus,  if  we  take  the 
first  year's  dip  (1857),  or  68°  24'-87,  and  deduct  from  it  every  year  2'-07 
(which  is  the  average  secular  change),  we  shall  obtain  a  series  of  yearly 
values  representing  the  yearly  positions  of  the  hue  A  £  D  ;  and  if  the 
diagram  truly  represents  the  facts,  the  observed  yearly  valu^  ought  to  range 
above  the  hne  for  the  first  six  years,  and  under  it  for  the  second  six. 

We  may  see  by  the  following  Table  that  this  is  actually  the  case : — 


Table  IV. 

t                            ■ 

Observod  yearly 

Yearly  trIucs  of 

values 

AED 

(l)-(2). 

(I)- 

0      / 

(2). 
0     / 

/ 

68  2487 

68  24-87 

0 

22*56 

22-8o 

—  0*24 

21-41 

20-73 

+0-68 

1929 

18-66 

+0-63           ; 

17-42 

16-59 

+0-83 

14-89 

14-52 

+0-37 

11-71 

12-45 

-0-74 

9-3< 

10-38 

—  1-07 

8-50 

8-31 

+0-19 

5  44 

6-24 

-0-80 

262 

417 

-1*55             i 

68     2-1-1 

63     2-13 

0 

1870.] 
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On  the  whole,  thereforey  we  haye  good  evidence  of  a  behaviour  at  Kew 
analogous  to  that  at  Toronto. 

1 1 .  The  probable  error  of  a  single  monthly  determination  of  the  dip,  de- 
rived from  the  seventy-two  monthly  determinations  given  in  Table  I.,  and 
after  the  application  of  the  correction  for  secular  change  and  annual  varia- 
tion, as  derived  from  the  results  of  these  observations,  has  been  made,  is 
+0'*96.  There  is,  however,  reason  to  believe  that  this  probable  error  is 
increased  to  some  extent  by  periods  of  disturbance,  some  of  them  of  cons 
derable  duration,  which  exhibit  themselves  when  the  residual  errors  have 
been  deduced  after  the  method  indicated  above.  In  order  to  test  this,  I 
have  formed  a  series  of  seventy-two  yearly  values  of  the  dip  corresponding 
in  epoch  to  the  various  monthly  values  of  Table  I. 

These  yearly  values  will,  of  course,  average  the  semiannual  inequality, 
while  each  yearly  value  may  possibly  be  supposed  to  be  affected  to  some 
extent  with  the  same  sort  of  disturbance  which  affects  the  monthly  value 
to  which  it  corresponds.  Were  both  affected  in  precisely  the  same  way 
bj  these  disturbances,  the  differences  between  the  monthly  and  yearly 
values  would  only  be  occasioned  by  the  semiannual  inequality  and  by 
errors  of  observation.  It  is,  however,  too  much  to  expect  that  all  effects 
of  disturbance  will  be  eliminated  from  the  differences  by  this  method ; 
nevertheless  we  may  naturally  expect  that  they  will  be  reduced  in  amount. 

12.  Grouping  these  differences  together  in  six  monthly  periods,  we  ob- 
tain the  following  results  corresponding  to  those  given  in  Table  II : — 

Table  V. 


Date. 


Julyl,  1863.... 
January  1,  1864 
July  1, 1864  .... 
January  1,  1865 
July  1,  1865  .... 
January  1, 1866 
July  1, 1866  .... 
January  1,  1867 
July  1,1867.... 
January  1,  1868 
Julyl,  1868.... 
January  1,  1869 

Mean  


Obserred  minus  Calculated. 

April  to  September. 

October  to  March. 

—  0'20       ' 

—005 

1 
-015 

+0-32             1 

4-0-68 

1 

1 
H-o'55 

-|-o'3o              1 

-013 

+0-26 

—  071 

-0-95 

—  014 

—  0-31 

-fo-28 

It  will  be  seen  from  this  Table  that  the  irregularities  of  the  two  last 
columns  of  Table  II.  are  very  much  reduced  by  this  process,  while  the 
result  remains  nearly  the  same. 

The  probable  error  of  a  single  observation  is  also  reduced,  and  becomes 
(when  the  correction  for  annual  variation  is  applied  to  the  individual  dif- 
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ferences  deterniitied  by  this  process)  ±(y*87>  instead  of  +0'*96,  whidi  it 
was  before. 

II.  Horizontal  Force. 
13.  In  Table  VI.  we  have  a  record  of  the  observed  values  of  horizontal 
force  made  with  the  Kew  uniBlar  by  Mr.  Whipple,  each  observation  being 
made  and  reduced  precisely  after  the  manner  of  those  described  by  Sir  E* 
Sabine  in  his  analysis  of  the  first  six  yearly  series. 

Table  VI. 
Monthly  values  of  the  Horizontal  Component  of  the  Earth's  Magnetic 
Force  at  Kew,  calculated  from  the  results  of  observations  of  deflection 
and  vibration  with  Collimator  Magnet  K.C.I. 


■ 

1863. 

1804. 

1805. 

1866. 

1867. 

1868. 

Mem  of 
Gyean. 

April 

3'82oi 
3*8199 
3*8198 
38260 
3-8243 
3*8205 

3-8240 
3-8260 
38246 
3-8331 
38264 
3-8314 

3*8277 
3*8251 
3-8258 

3*8330 
3*8246 

3*8298 

1 
3-8338      3*8449 

38464 
3-8504 

3*8495 
3-8414 

3*8511 

3-8476 

3-8328 
3*8341 

3-834« 
3-836» 

38349 
38358 

May    ••• 

June  

3-8383 
3*8410 
38384 
3-8386 

3-8469 
3*8427 

3*8445 
3*8467 

July  

Aui^ust  

Sept<'mber 

3*8218 

3*8276 

3*8277 

3*8379 

3*8453 

3*8477      3-8346 

1803-64, 


October  ... 
November 
December 
January . . . 
February 
March    . . . 


38142 
38214 
3-8218 
38239 
3*8242 
38229 


I  ! 

1804-65J  1805.-66.  1866-67.  1867-68. 


38274  .  3-8271 

38243  3-8325 

38293  3*8366 

38276  ■  3*8364 

38353  I  38335 

3-8319  ;  3-8357 


3*8354 
3*8410 

38396 

38443 
3*8405 
3*8403 


3-8446 
3-8494 

3*8475 
38511 

3*849* 
3-8469 


3-8214   I  38293    '  3*8335   I  3840a      3*8481 


3-8216  ,  3-8284  i  3-8306   I  3-8391      3*8467 


1868-69. 

1 
Moan  of 
Gyeank 

38470 
3*8503 

38539 

[3*8521] 

3-8504 

3-8521 

3-8316 
3*8365 
3*8380 
3-8392 
38388 
3-8383 

3-8510 

3-8372 

38493 

3-8360 

The  value  within  brackets  is  interpolated. 

14.  The  absolute  values  of  the  horizontal  force  corresponding  to  the 
beginning  of  October  in  each  of  the  years  comprehended  in  the  above 
Table,  and  the  secular  change  in  each  year  are  as  follows : — 

From  April  18C3  to  March  18C4 3-8^.6|  ^„^  ^^^^^  ^^.^„ 


it 


M 


>) 


»» 


») 


l> 


»» 


»> 


»> 


f> 


»» 


1B64  „ 
1865 
1800  „ 
1807  „ 


1808 


>» 


t» 


>» 


»» 


»» 


11 


1805 
1860 


3-8284 
3-8306 


} 

1 


1807 3*8391 ' 

1808 38467 

1800 3*8493*' 


f> 


»t 


»f 


»» 


n 


»i 


»f 


» 


+  0-0022 
+0-0085 
+0-0076 
+0*0026 


Mean  of  the  bix  years  correaponding  to  1     ,o  c   J 
middle  epoch,  April  1, 1866  /  3  »3^o\ 


With  a  mean  annaal  aeoa- 
lar  increase  of  o-oo    55. 


1870.]  and  Horizontal  Force  at  Kew  Observatwry. 
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15.  Forming  now  the  following  Table  similar  to  Table  II.,  we  fail  to 
detect  in  it  anj  trace  of  semiannual  inequality. 


Table  VII. 


4 

Correction 

for  secular 

change. 

3-8360  + 
secular 
cluinge. 

Observed 
yalues. 

Obserred  minus  Calculated. 

Date. 

April  to 
September. 

October  to 
March. 

July  1,  1863 

January  1,  1864 .. 

Julyl,  1864 

January  1,  1865 .. 

Julyl.  1865 

January  1,  1866.. 

July  1,  1866 

January  1,  1867 .. 

July  1, 1867 

January  1,  1868 .. 

Julyl,  1868 

January  1,  1869 .. 

—0*0152 

—  0*0125 

—  0*0097 
— 0*0070 
-0*0042 
—0*0014 
-|- 0*0014 
4-0*0042 
-j-o'oo7o 
+0*0097 

-j-0*0125 
-|-0*0I52 

3*8208 
3*8235 
3*8263 
3*8290 
3*8318 
38346 

38374 
3*8402 

3*8430 

3*8457 
3*8485 

3*8512 

3*8218 
3*8214 
3*8276 
3*8293 
3-8277 

38335 

3-8379 
3*8402 

3-8453 
3*8481 

3-8477 
3*8510 

+•0010 

—  *002I 

+•0003 

—  *OOIl 
•OOCO 

+  *0024 

—  *OC02 

+*ooi3 

—  *oo4i 
+  0005 

+  *0023 

—  0008 

Mean  difference  be 
Talues  in  the  res 

(tween  the  ol 
pectiye  semi 

>8eiTed  and 
annual  peric 

calculated  1 
►ds     J 

+•0000 

—  •0001 

16.  Again,  from  the  first  six  years  we  have  a  mean  value  of  the  hori- 
zontal force  equal  to  3*8034,  corresponding  to  the  middle  epoch  April  1, 
I860,  and  from  the  latter  six  years*  observations  given  above,  we  have,  as 
has  been  shown,  a  mean  value  of  horizontal  force  equal  to  3*8360,  corre- 
sponding to  epoch  April  1,  1866  ;  also  the  secular  change  deduced  from 
the  first  six  years  is  +'0053,  while  that  deduced  for  the  second  six  is 
+  •0055,  the  mean  of  the  two  being  +'0054. 

If  we  apply  this  mean  value  of  the  secular  change  to  the  mean  result 
corresponding  to  epoch  April  1,  1860  in  order  to  bring  it  to  epoch  April  I, 
1866,  we  obtain  3*8034+0*0324  =3*8358,  a  value  which  agrees  as  nearly 
as  possible  with  that  deduced  from  the  second  series,  and  corresponding  to 
the  same  epoch  which,  as  we  have  seen  above,  was  3*8360. 

1 7.  The  coincidence  of  these  two  values  naturally  leads  ns  to  imagine 
that  the  secular  change  of  the  horizontal  force  does  not  present  the  same 
peculiarity  as  that  observed  in  the  case  of  the  dip,  and  exhibited  in  the 
diagram. 

In  order  to  test  this,  let  us  form  for  the  horizontal  force  the  following 
Table,  similar  to  Table  III. 
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Table  VIH. 


Date. 

Observed  secular 
change. 

Obserred  minus  average 
secular  change. 

1857-58 

•0051 
•0057 
•0056 
•0058 
•0044 
'C051 
•C068 
•0022 
•0085 
•0076 
•0026 

—•0003 
+  0003 

-f*0002 
+  •0004 

—  •0010 
— -0003 
+•0014 
—•0032 
+•0031 
4- '0022 

—  •0028 

1858-59 

185a-<K) 

18(KM>1 

1861-62 

1862-63 

1863-04 

1864-65 

1865-66 

18('>6-67 

1867-68 

If  we  take  the  first  three  and  the  last  two  of  the  above  differences  as 
belonging  to  years,  when  the  disturbances  are  increasing,  we  find  a  secular 
change  only  less  than  the  average  by  a  mean  of  *  00008 ;  and  if  we  take  the 
remaining  six  differences  as  belonging  to  years  when  disturbances  are  de- 
creasing, we  find  a  secular  change  greater  than  the  average  by  a  mean  of 
*00007 ;  both  being  differences  which  form  such  an  extremely  small  pro- 
portion of  the  whole  change  that  they  may  be  neglected. 

18.  Or  again,  if  we  take  the  first  year's  horizontal  force  (1857)  or 
3*7899,  and  add  to  it  every  year  '0054,  which  is  the  average  secular  change, 
we  shall,  as  before,  obtain  a  series  of  values  representing  the  yearly  positions 
of  the  line  A  £  D  in  the  diagram,  from  which  we  may  construct  the  follow- 
ing Table  similar  to  Table  IV. 

Table  IX. 


Observed  yearly 

Yearly  values  of 

values. 

AED. 

(1) 

(2) 

(l)-(2) 

37899 

37899 

0-0000 

37950 

37953 

—0-0003 

3*8007 

38007 

O'OOOO 

3*8063 

3-8061 

4-0*0002 

3*8i2i 

3-8115 

-j-o'ooo6 

38165 

3-8169 

—  0*0004 

3-8216 

3-8223 

—0-0007 

3-8284 

3-8277 

-fo*ooo7 

3-8306 

3-8331 

—  0-0025 

38391 

38385 

-|-ocoo6 

3-8467 

38439 

+0.0028 

3*8493 

3-8493 

o-oooo 

k 


From  this  Table  we  fail  to  perceive  a  trace  of  the  behaviour  exhibited  by 
the  dip  in  Table  IV. 

Apart,  therefore,  from  all  theoretical  considerations,  we  have  reason  to 
believe  that,  as  a  matter  of  fact,  the  behaviour  exhibited  in  the  diagram 
holds  for  the  dip,  but  does  not  appreciably  manifest  itself  in  the  case  of 
the  horizontal  force. 


1870.]  mut  HmixofUal  Force  at  Kew  Observatory. 
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19.  The  probable  error  of  a  ringle  monthly  detennination  of  the  hori- 
lontal  force  derived  from  the  seyenty-two  monthly  determinations  given  in 
Table  YI.,  and  after  the  application  of  the  correction  for  tecular  change 
has  been  applied,  is  +0*0021.  There  is»  howeyer,  reason  to  belieye  that, 
as  in  the  case  of  the  dip.  the  probable  error  is  increased  to  some  extent  by 
periods  of  disturbance,  and  the  same  method  may  be  applied  to  test  this 
as  was  applied  to  the  dip  observations.  Forming,  therefore,  a^  series  of 
seventy-two  yearly  values  of  the  horizontal  force,  corresponding  severally  in 
epoch  to  the  seventy- two  monthly  values  of  Table  VI.,  and  deducting  each 
from  the  corresponding  observed  monthly  value,  we  obtain,  as  before,  a 
series  of  seventy-two  differences ;  and  we  derive  from  these  the  following 
modifications  of  the  last  two  columns  of  Table  VII. 

Table  X. 


Date. 


July  1,1863 

January  1,  1804 
July  1,  1864  .... 
January  1,  1805 
Julyl,  1805.... 
January  1,  1866 
July  1,  1866  .... 
January  1,  1867 
July  1,1867.... 
January  1,  1868 
Julyl.  1868.... 
January  1,  1869 

Mean  


Obserred  minus  Calculated. 


April  to  September.     October  to  March. 


-f-*ooi6 

-f-*0012 

— '0019 
-f-*coo4 
-|-'ooo5 
—  'oooS 


—  •0014 
-f-*ooo6 
-|-*ooo6 

—  •0009 
-|-'ooo8 
-)-'ooo8 


-|-0*0002 


4- COCO  1 


Urns  we  see,  as  in  the  case  of  the  dip,  that  the  irregularity  of  the  numbers 
in  these  columns  is  much  diminished,  the  result  being,  however,  led  the 
same  aa  before.  Finally,  if  we  deduce  the  probable  error  of  a  single  ob- 
servation by  means  of  the  series  of  differences  so  obtained,  we  find  this  to 
be  ±00018  instead  of  ±0*0021,  which  it  was  before. 


III.  Total  Force. 

20.  We  find  in  Table  YI.  that  the  mean  of  the  April  to  September 
values  of  the  horizontal  component  of  the  force  in  the  last  six  years  is 
3*83469  corresponding  in  epoch' to  January  1,  1866 ;  and  in  Table  I.  that 
the  mean  of  the  April  to  September  values  of  the  dip  in  the  same  six  years 
is  68**  6'-83. 

We  find  also  that  the  mean  of  the  October  to  March  values  are  for  the 
horizontal  force  3*8372,  and  for  the  dip  68^  6''41,  corresponding  to  epoch 
July  1,  1866. 
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We  may  reduce  these  to  a  common  epoch  by  applying  to  the  former  dip 
the  correction  —  0''9G,  this  beiog  the  proportional  secular  change  (as  shown 
by  these  six  years)  necessary  to  reduce  the  former  epoch  to  the  Utter. 
The  former  dip  will  therefore  become  68*=*  6'-83— 0'- 96=68^  5'-87. 

Reducing  in  the  same  way  the  horizontal  force,  we  hare 

3-8346  +  0-00275  =  3-83735. 
The  values  thus  become  as  follows : 
From  the  April  to  September  observations  "I         ^^^'  ^2"^?"        i;q?*?; 
(reduced  to  epoch  July  1. 1866) J  3-83735         68   ^'87 

And  from  the  October  to  March  observa- 1  o  qqtoa        #:qo  iii,A\ 

x«         /  J-       X     xi-  1  \  f  6'o6f  £\j  Oct  O  •41 

tions  (corresponding  to  the  same  epoch)  J 

The  total  force  derived  from  the  first  series  will  therefore  be  1 0*2871 7« 
and  that  derived  from  the  second  series  10*29080,  showing  thus  a  difference 
of  0'00363  in  British  units  as  the  measure  of  the  greater  intensity  of  the 
terrestrial  magnetic  force  in  the  October  to  March  period,  than  in  the 
April  to  September  period.  This  is  in  the  same  direction,  and  yery  nearly 
of  the  same  amount,  as  that  determined  by  Sir  £.  Sabine  from  the  first 
six  years,  which  exhibited  a  similar  difference  of  0*00317  in  British  units. 

Thus  we  find  that  the  two  series  agree  in  showing  nearly  the  same  semi* 
annual  variation  for  the  total  force,  while  the  first  period  exhibits  the 
greatest  semiannual  variation  of  the  dip.  It  ought,  however,  to  be  borne 
in  mind  that  the  two  series  bear  a  different  relation  to  the  disturbance 
period,  the  maximum  of  disturbances  occurring  about  the  middle  of  the 
first  series,  and  the  minimum  near  the  middle  of  the  second. 

11.  "  Spectroscopic  Observations  of  the  Nebula  of  Orion,  and  of 
Jupiter,  made  with  the  Great  Melbourne  Telescope.'^    By  A.  Le 
Sueur.     Communicated  by  the  Rev.  T.  R.  Robinson,  D.D. 
Received  January  27,  1870. 

In  one  particular  the  spectroscopic  observations  of  the  nebula  of  Orion 
are  not  void  of  interest ;  they  show  distinctly  that  considerable  nebulosity 
exists  within  and  about  the  trapezium.  The  image  at  the  slit  is  sufficiently 
large  to  well  separate  the  stars  of  the  trapezium,  so  that  when  two  of  these 
are,  as  it  were,  threaded  on  the  slit,  a  clear  space  lies  between  them  ;  this 
in  the  spectroscope  gives  the  well-known  lines  with  little,  if  at  allj  less 
brilliancy  than  the  general  bright  nebula. 

The  small  comparison-mirror  being  removed,  the  available  slit  is  *4  inch 
high,  equivalent  in  the  case  of  the  Cassegrain  image  to  about  43"  arc ; 
with  an  image  condensed  about  three  times  (which  is  the  usual  arrangement 
and  still  allows  sufficient  separation),  the  slit  may,  therefore,  be  inade  to 
considerably  overlap  the  trapezium  contour,  and  thereby,  at  the  same  time 
as  the  trapezium,  hght  from  the  brightest  part  of  the  nebula  is  under  in- 
spection  ;  it  is  curious  to  see  that  the  spectral  lines  run  with  almost  con- 
tinuous brightness  throughout  the  height  of  the  slit. 
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Inaccuracy  of  focus  of  the  image  on  the  slit  might  perhaps  somewhat 
mislead,  hat  this  has  not  been  allowed  to  come  into  plaj ;  for  the  focus  is 
readilj  adjusted  with  considerable  delicacy,  by  examination  of  the  breadth 
of  star  spectrum,  which  is  reduced  to  a  minimum. 

In  Sir  John  Herschers  Cape  drawing,  a  slight  nebulosity  is  seen  within 
and  immediately  about  the  trapezium  ;  and  in  the  description  is  found  the 
following  extract  from  note-book  : — **  In  the  interior  of  the  trapezium  there 
exists  positiyely  no  nebulosity,  at  least  none  comparable  in  intensity  to  that 
immediately  without  it." 

There  being  (as  far  as  I  can  now  see  or  remember)  no  other  special  refer* 
ence  to  this  matter  in  the  description,  it  is  not  quite  clear  whether  or  not 
the  nebulosity  in  the  drawing  rests  on  this  evidence  or  on  that  of  other 
nights  when  it  may  have  been  more  conspicuous. 

In  Lord  Rosse's  drawing  the  trapezium  is  enclosed  in,  and  itself  encloses, 
a  space  totally  free  from  nebulosity.  My  own  telescopic  observations  here 
{on  not  good  nights  unfortunately)  indicate  a  positive  though  comparatively 
faint  nebulosity  within  and  about  the  trapezium,  somewhat  as  in  the  Cape 
drawing;  the  spectroscope,  however,  shows  with  much  force  that  this 
nebulosity  not  only  exists,  but  is  comparable  in  brightness  to  that  surroun- 
ding the  trapezium  at  some  distance, — the  brightest  part  of  the  nebula 
in  fiict ;  and  therefore  that,  in  ordinary  observation,  the  faintness  or  appa- 
rent complete  absence  of  nebula  is  mainly  due  to  the  disturbing  brightness 
of  the  four  stars,  and  not  to  any  intrinsic  extreme  faintness  or  absolute 
vacuity. 

Jupiter  has  been  examined  with  results,  if  not,  as  far  as  may  be  judged 
at  present,  important,  at  least  interesting.  Here,  again,  the  large  size  of 
image  is  brought  into  prominent  play  ;  with  the  original  Cassegrain  image 
the  light  is  barely  sufficient,  but  with  the  image  condensed  (at  pleasure 
within  certain  limits)  fair  work  becomes  possible,  the  spectrum  being  con- 
siderably bright. 

The  lines  6,  F,  5,  C,  D,  are  seen  without  the  slightest  difficulty,  C  (being 
near  to  visible  limit)  not  so  readily,  but  unmistakably,  and  many  other 
lines  with  attention.  A  marked  feature  is  a  dark  nebulous  band  between 
C,  D ;  from  measures  this  turns  out  to  be  one  of  the  bands  examined  by 
Mr.  Huggins,  882  of  his  scale*  (C^  of  Brewster  ?). 

The  observations  were  made  generally  with  Jupiter  not  far  from  the 
meridian.  On  one  night  only  of  those  employed  was  the  atmosphere  at 
all  free  from  perceptible  haze ;  as  far,  however,  as  memory  could  be  trusted, 
there  did  not  appear  to  be  any  perceptible  difference  in  the  intensity  of  the 
line  on  the  different  nights.  This  line  is  always  so  conspicuous  that,  were  it 
not  for  Mr.  Huggins's  more  critical  observation,  I  would  be  inclined  to  think 
that  in  Jupiter  it  is  much  stronger  than  in  nn  equally  bright  daylight  spec- 
trum, under  conditions  even  more  favourable  than  those  afforded  bv  the 

*  [Wrong  identification :  see  next  paper.] 
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altitude  of  the  planet  and  the  state  of  the  atmosphere  at  the  times  of  obser- 
vation ;  considering,  moreover,  that  in  Mr.  Huggins's  obsenration  (as  he 
himself  remarks)  the  relative  positions  of  the  sun  and  Japiter  were  such 
as  considerably  to  exaggerate  the  effect  of  the  earth's  atmosphere  on  the 
skj  spectrum,  it  is  difficult  (in  the  absence  of  a  more  crucial  observatioa 
pointing  in  a  contrary  direction)  to  escape  the  impression  that  this  line  is 
in  no  small  degree  due  to  Jupiter's  own  atmosphere.  The  band  spedally 
examined  by  Mr.  Huggins  I  have  not  yet  succeeded  in  seeing  with  any 
degree  of  certainty  ;  but  the  opportunities  have  been  so  few,  that  the  opti- 
cal conditions  for  its  most  favourable  development  have  not  been  fairly  tried. 

On  one  night  the  eye-aspect  of  Jupiter  was  as  follows : — N  to  P  (Plate  I. 
fig.  1)  of  yellowish  colour,  with  occasional  appearance  in  good  defining 
moments  of  hair-line  structure ;  P  to  Q  almost  white,  slight  tinge  of  bine ; 
Q  to  R  yellowish,  but  much  darker  than  N  P  ;  R  to  S  also  yellow,  slightly 
brighter  than  N  P,  and  with  no  suspicion  of  fine  lines. 

P,  Q,  R  brown,  much  darker  than  general  surface,  the  two  latt»  with 
a  red  or  yellow  tinge,  the  former  with  a  greenish  one.  [These  are  merely 
the  impressions  without  attempt  to  eliminate  effect  of  contrast.] 

The  absolute  positions  and  definite  shape  of  these  bands,  as  given  in  the 
diagram,  have  no  special  pretensions  to  minute  accuracy ;  considermble  care 
was,  however,  employed,  and  in  any  case  the  sketch  in  its  broad  features 
is  sufficiently  near  to  the  truth  for  the  special  purpose  in  view.  In  the 
spectrum,  G,  F,  £,  D,  C,.,  C  are  laid  down  from  measures  on  Jupiter,  I 
have  called  the  band  between  C,  D,  C,  for  reference  purposes,  subject  to 
rectification,  although  there  can,  I  think,  be  little  doubt  of  the  coincidence. 

A  point  specially  aimed  at  in  these  observations  was  to  note  any  pecnli- 
arity  in  the  appearance  of  spectral  lines  of  known  atmospheric  origin  ac- 
cording to  the  part  of  the  surface  viewed. 

With  the  slit  perpendicular  to  Jupiter's  equator  and  the  advantage  of  a 
large  image,  an  admirable  opportunity  is  afforded  of  noting  the  behavioar 
of  the  lines  as  they  cross  the  different  parts  of  the  surface,  a  spectroscopic 
picture  of  the  planet,  as  it  were,  being  presented  beautifully  to  the  eye. 

The  nebulous  line  C^  was  specially  and  narrowly  watched,  but  without 
any  satisfactory  evidence  being  elicited ;  as  this  line  crosses  the  bright 
band  P  Q  it  is  perhaps  slightly  less  nebulous  ;  on  the  assumption  that  C, 
is  in  great  part  due  to  Jupiter's  atmosphere,  this  peculiarity,  by  no  means 
marked,  is  yet  in  the  direction  to  be  accounted  for  by  the  usual  suppositions 
concerning  the  natureof  Jupiter's  visible  disk.  On  this  assumption,  however, 
one  would  expect  more  decisive  evidence  of  change  in  the  line  according  as 
it  is  due  to  the  cloud-band  or  to  the  surface ;  there  is  evidence  certainly, 
but  so  faint  that,  due  regard  being  had  to  the  possible  disturbing  effect 
of  the  somewhat  greater  brightness  of  cloud  band,  and  to  the  bias  which 
cannot  be  totally  eliminated  from  the  mind,  it  does  not  seem  entitled  to 
much  weight. 

This  almost,  if  not  altogether,  complete  sameness  of  the  line  might  perhaps 
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(on  the  foregoing  assumption)  be  accounted  for  by  supposmg  that  the 
cloud-bands  are  yery  near  the  surface,  so  near  that  the  light  reflected 
therefrom  has  to  pass  through  a  thickness  and  density  of  atmosphere  com- 
parable in  its  effects  to  that  above  the  more  uninterrupted  parts  of  the 
surface* 

Further  obsenrations  may  obviate  the  necessity  for  this  or  any  other 
more  feasible  explanation,  by  proving  that  the  band  is  mainly  due  to  the 
earth ;  but,  as  before  shown,  the  weight  of  evidence,  Mr.  Huggins's  obser- 
vation taken  into  account,  is  in  favour  of  the  assumption  that  the  line,  as 
seen  on  Jupiter  at  considerable  altitude,  is  mainly  due  to  the  planet  itself. 

The  general  appearance  of  the  spectroscopic  image  is  one  of  nearly  uni- 
form brightness,  with  the  marked  exception  of  the  brighter  band  P  Q, 
and  the  much  darker*  band  Q  R :  in  this  band  the  principal  absorption 
takes  place  at  the  more  refrangible  end  of  the  spectrum,  where  it  is  very 
considerable,  gradually  diminishing,  but  yet  conspicuous,  up  to  £;  at  mo- 
ments it  may  be  traced  very  faintly  up  to  D,  with  no  certainty  beyond. 

In  this  band  Q,  R  are  not  separable ;  considering  the  size  of  the  image 
this  can  hardly  be  due  entirely  to  closeness,  but  would  seem  to  show  that 
(at  the  more  refrangible  end  at  least)  the  absorption  of  the  yellow  and 
somewhat  dark  space  enclosed  between  Q,  R  is  little  inferior  to  that  of  Q,  R 
themselves.  P  is  not  conspicuous,  but  is  unmistakably  seen  in  good 
moments  as  a  narrow  streak  at  the  blue  end. 

'nie  experiment  was  made  of  placing  the  slit  parallel  to  the  planet's 
equator;  when  in  this  position  and  moved  slowly  over  the  surface,  or 
arrested  at  particular  points,'^no  peculiarity  was  distinguishable ;  so  little  do 
the  parts  differ  in  brightness,  that  by  this  method  it  could  not,  from  the 
mere  evidence  of  the  spectrum,  be  told  what  part  was  being  admitted 
through  the  slit ;  in  this  method,  however,  greater  delicacy  of  adjustment 
is  required,  for  slight  want  of  parallelism  of  the  slit  to  the  bands  brings 
in  disturbing  effects. 

The  edges  of  the  disk  were  examined,  but  without  result. 

Obserratory,  Melbourne,  December  5, 18C0. 

III.  "On  the  Nebulse  of  Argo  and  Orion,  and  on  the  Spectrum 
of  Jupiter/-'     By  A.  Le  Sueur.     Communicated  by  Prof.  G.  G. 
Stokes,  Sec.  R.S.     Received  February  21, 1870. 

Among  the  following  observations  made  with  the  great  Melbourne 
tdeacope,  the  most  important  are  those  of  ii  Argo ;  the  spectrum  of  this 
star  is  crossed  by  bright  lines. 

The  mere  fact  of  a  bright-line  spectrum  is  not  very  difficult  to  ascertain 
on  a  good  night ;  for  although  from  faintness  of  the  light  the  phenomenon 
is  necessarily  delicate,  yet  the  bright  lines  occasionally  flash  out  so  sharply 
that  the  character  of  the  spectrum  cannot  be  mistaken.    The  most  marked 
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lines  I  make  out  to  be,  if  not  coincident  with,  very  near  to  C,  D,  h,  F,  and 
the  principal  green  nitrogen  line.  There  are  possibly  other  lines^  bat  those 
mentioned  are  the  only  ones  manageable. 

Direct  spark  comparison  has  hitherto  been  found  imposable ;  though 
plainly  marked  at  moments  the  lines  require  concentrated  attention,  and 
urill  not  permit  the  disturbing  effect  of  other  light  in  the  field ;  attempts 
urere  made  to  diminish  the  brilliancy  of  the  spark  spectrum  but  with  no 
good  result,  a  different  method  was  therefore  adopted. 

By  watching  for  good  moments  the  pointer  was  placed  on  a  particular 
star  line,  the  spark  spectrum  was  then  turned  on,  and  the  position  of  the 
pointer  noted. 

By  this  means  it  was  seen  in  repeated  trials  that  star  lines  within  the 
limits  of  the  dispersion  used  (about  7^)  were  coincident  with  C,  F,  the 
principal  green  nitrogen  line,  and  b,  or  rather  (the  spark  employed  was 
platinum  in  air)  the  air-band  involved  in  b  group.  It  cannot  be  deter- 
mined whether  the  coincidence  is  with  the  magnesium  group  or  the  air- 
band  ;  nothing  more  definite  can  be  said  than  that  the  star  line  lies  within 
the  limits  of  the  group. 

The  comparison  spectrum  employed' does  not  show  F,  but  the  position 
of  the  previously  adjusted  pointer,  with  reference  to  air  lines  in  the 
neighbourhood,  leaves  little  doubt  as  to  the  identity  of  the  blue  star  line 
with  F,  due  regard  being  had  to  the  collateral  evidence  (when  such  close 
limits  are  reached)  that  C  coincides  with  a  red  star  line.  The  yellow  (or 
orange  7)  line  in  the  star  has  not  yet  received  sufficient  attention ;  it  is, 
however,  very  near  D. 

With  the  dispersion  employed,  D  and  the  bright  air  line  on  less  re- 
frangible side  of  D  are  well  separated ;  so  that,  notwithstanding  the  delicacy 
of  the  star  line,  I  hope,  if  not  to  get  satisfactory  evidence  of  coincidence 
with  a  particular  line,  at  least  to  eliminate  one  of  the  competitors ;  at  pre- 
sent it  cannot  even  be  said  whether  the  line  may  not  be  slightly  more  re- 
frangible than  D  ;  the  limits  are,  however,  very  small,  placing  the  bright  air 
group  about  1180  of  Mr.  lluggins's  scale  completely  outside  the  possible 
range. 

I  would  remark  that  the  very  faint  nebulosity  (if  any)  in  the  immediate 
neighbourhood  of  the  star  v?  is  incompetent  to  give  a  trace  of  spectral  lines 
with  even  a  wide  slit ;  for  a  considerable  space  s.  and  f.  of  i;  no  lines  are 
at  all  visible  ;  the  nearest  nebula  bright  enough  to  show  a  line  (the  three 
usual  lines  are  now  easily  seen  on  a  good  night  over  the  brighter  parts)  is 
reached  in  the  direction  about  45°  n.  p.  from  17,  and  even  then  the  distance 
from  17,  as  judged  by  the  appearance  in  the  spectroscope  with  17  threaded 
on  the  thus  directed  slit,  is  little  less  than  one  minute.  This  remark  is  of 
some  importance  in  connexion  with  the  ordinary  telescopic  observations  of 
the  nebula,  but  is  mentioned  at  this  point  to  relieve  any  impression  which 
might  arise  tliat  the  nitrogen  line  seen  on  the  star  spectrum  is  merely  the 
chief  nebula  line  crossing  it. 
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In  the  preMiit  state  of  the  inquiry  there  is  little  douht  left  as  to  the 
preaenee  of  hydrogen  in  the  star ;  the  other  lines  may  perhaps  be  accounted 
for  by  nitrogen  alone,  or  by  nitrogen,  magnesium,  and  sodium. 

On  the  whole  the  weight  of  collateral  evidence  will  probably  be  consi- 
dered to  be  in  favour  of  the  latter  combination,  with  the  -possibility  that 
for  sodium  may  have  to  be  substituted  the  substance  which  prodoeea  the 
line  in  sun-protuberance  spectrum. 

For  although  there  is  no  direct  evidence  as  to  identity  of  the  line  near 
D,  if  the  coincidence  were  with  the  orange  nitrogen  line  it  would  be  rea- 
aonable  to  expect  a  line  in  the  star  corresponding  to  the  yellow  line  1 1 80+, 
yet  none  has  been  made  out  in  that  position ;  again,  the  second  green  line 
has  probably  less  claims  for  visibility  than  the  orange  or  yellow  lines,  yet 
in  the  star  spectrum  this  hue  is  not  less  well  seen  than  that  coinciding 
with  the  chief  nitrogen  line.  These  considerations,  though  perhaps  not  en- 
titled to  great  weight,  at  least  lead  in  the  direction  of  the  above  inference. 

Owing  to  faintness  of  the  general  spectrum  no  dark  lines  are  made  out ; 
one  in  the  red  is  strongly  suspected,  and  occasionally  there  is  an  appearance 
S8  if  of  a  multitude  over  the  spectrum  generally,  but  they  refuse  to  be  seen 
leparately  and  certainly. 

It  is  fortunate  tliat  these  observations  have  been  possible  in  the  present 
magnitude  of  the  star ;  may  not  the  bright-line  character  of  the  spectrum  be 
iae  to  a  commencement  of  increase  ?  The  star  has  not  perceptibly  changed 
ince  I  knew  it. 

I  extract  the  following  estimation  from  the  Melbourne  observations  : — 

Mag. 

1863.  Oct.  14 6 

1864.  May  6 4-5 

„     19 4-5 

..     22 4-5 


1865. 


>9 


>t 


June  14 4*5 

1868.  AprU21 4 

May  27 4 

26 5 

2  6| 

11 6| 

30 6 


> 


1869. 


«> 


» 


9i 


99 


9t 


The  estimations  are  by  Mr. 
White,  who  has  charge  of  the 
Transit  Circle. '  Mr.  Ellery  es- 
timated it  last  year  as  a  6| +, 
and  now  thinks  it  is  somewhat 
brighter. 


-/ 


At  an  earlier  stage  of  the  observations  with  the  Melbourne  reflector,  I 
"^^  on  the  whole  inclined  to  think  that  the  difference  between  the  view  of 
^e  nebula  about  ri  Argo  as  seen  with  the  4-feet  reflector,  and  that  seen  by 
^ir  J.  Uerschel  with  his  18-inch,  though  strongly  marked  in  the  neigh- 
Wrhood  of  17,  was  yet,  due  regard  being  had  to  aperture  and  other  dis- 
t\irbing  causes,  capable  of  being  accounted  for  without  going  to  the  length 
sf  assuming  such  enormous  changes  as  would  result  if  the  sketches  repre- 
lented  the  true  facts  in  both  cases.  It  was  thought  that  the  presence 
of  the  star  i|  might  have  a  large  disturbing  efl'ect,  increased  by  aperture, 
ind  that  therefore  an  erroneous  impression  might  be  formed  of  the  confi- 
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juration  and  character  of  the  nebula  in  its  proximate  neighbouihood. 
(The  trapezium  of  Orion,  as  will  be  seen  from  observations  to  be  presently 
recorded,  is  a  case  in  point.) 

The  spectroscope  has,  however,  decided  that  ii  in  no  way  influences  the 
configuration  as  now  seen ;  the  star  is  not  only  apparently  but  really  on  a 
background,  if  not  completely  dark,  at  least  free  from  nebulosity  at  all 
comparable  to  the  brighter  parts ;  moreover  the  nebulosity  at  s.  end  of 
lemniscatc  (the  shape  there  is  occasionally  made  out,  showing  that  nebula 
does  exist)  is  of  a  similar  faint  character. 

With  this  evidence  that  the  eye-view  with  the  4-feet  approaches  the 
actual  facts,  and  a  due  consideration  of  those  facts,  it  seems  difficult  to 
imagine  any  conditions  of  aperture,  definition,  or  other  disturbing  causes 
which  could  produce  a  view  at  all  approaching  to  that  seen  by  Sir  John 
Herschel. 

We  have  therefore  evidence  of  much  weight  that  enormous  changes  hare 
taken  place  in  this  wonderful  region.  Is  not  the  presence  of  nitrogen  and 
hydrogen  in  the  star  i;  a  significant  fact  in  connexion  with  these  changes, 
which  appear  to  be  nothing  less  than  a  destruction  of  nebula  specially  in 
its  neighbourhood  ?• 


Orion  has  been  examined  with  a  new  and  interesting  result ;  the  spectro- 
scope proves  that  in  and  about  the  trapezium  nebula  exists  comparable 
with  the  bright  surrounding  nebula. 

This  observation  is  rendered  easy  by  the  large  separation  of  the  stars 
consequent  on  great  focal  length  of  telescope ;  indeed  the  whole  separation 
of  the  original  image  is  not  required,  the  observation  being  made  more 
crucial  by  a  condension  of  between  two  and  three  times ;  with  this  arrange- 
ment the  separation  is  still. sufficient,  and  the  advantage  is  gained  of  view- 
ing at  the  same  time  the  bright  surrounding  nebula. 

The  stars,  sharply  focused  to  give  a  linear  spectrum,  being  threaded  on 
the  slit  singly  or  in  pairs,  or  cautiously  removed  out  of  the  field,  it  is  seen 
that  the  bright  lines  cross  the  trapezium  with  little  if  at  all  diminished 
brilliancy. 

The  ordinary  telescopic  view  is  therefore  an  erroneous  one,  produced  by 
the  disturbing  effect  of  the  bright  group. 


Jupiter  has  been  examined  (generally  on  moonlight  nights) ;  with  this 
object  the  orginal  Cassegrain  image  is  too  faint  for  good  work,  but  by  in- 
terposition of  a  suitable  lens  the  image  is  condensed  at  pleasure  within  cer- 
tain limits ;  with  the  light  thus  increased  the  Prauuhofer  lines  G,  F,  b,  £,  D 
are  always  easily  seen,  C  also  easily  on  a  clear  night ;  the  lines  to  which 
special  attention  has  been  directed  are  the  telluric  lines  914  and  838  (for 
convenience  of  reference  I  use  throughout  the  numbers  in  Mr.  Huggina's 
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Japiter  and  sky  diagram).    These  are  the  only  lines  seen  with  certainty 
between  C  and  D. 

The  identity  of  914  and  838  rests  partly  on  measures  and  partly  on 
■park  comparison,  where,  for  the  identification  of  914,  it  is  seen  that  this 
line  is  near  to  the  air  hand  807  of  Mr.  Huggins's  chemical  scale. 

The  line  914  is  so  easily  seen,  that  having  in  mind  Mr.  Huggins's  state- 
ment concerning  the  difficulty  of  discerning  it  at  all,  originally  very  imper- 
fect measures  on  a  had  night  and  with  the  apparatus  imperfectly  adjusted 
misleading  in  the  same  direction,  this  line  was  at  first  mistaken  for  882, 
from  which,  howerer,  it  is  separated  far  beyond  the  limit  of  error  in  a 
proper  state  of  adjustment  of  apparatus. 

882  is  not  seen  at  all  with  Jupiter  at  considerable  altitude.  On  the  night 
of  December  29th,  however,  between  the  hours  of  12.30  and  I,  Jupiter 
being  low,  882  was  seen  almost  as  conspicuous  as  914,  which,  I  may 
remark,  did  not  seem  to  have  perceptibly  increased  in  darkness  by  the  ad- 
ditional absorption  of  the  earth's  atmosphere. 

On  the  night  of  December  14th  (both  objects  being  near  the  meridian) 
the  spectroscope  was  turned  on  Jupiter  and  the  moon  alternately  several 
times.  On  Jupiter  914  and  838  were  easily  visible,  the  former  (as  usual) 
the  more  conspicuous ;  on  the  moon  no  line  could  be  certainly  made  out 
between  C  and  D.  Mr.  £llery  was  present  at  the  time  and  gave  the  same 
verdict. 

So  far  these  observations  are  merely  confirmatory  of  those  made  by  Mr. 
Huggins.  There  is  one  point,  however,  not  unworthy  of  consideration, 
arising  from  a  comparison  of  the  observations  in  connexion  with  the  condi- 
tions under  which  they  are  made. 

It  is  probable  that  Mr.  Huggins,  vrith  his  earlier  apparatus,  viras  under 
more  favourable  conditions  as  regards  light  than,  if  not  the  best  at  my 
command,  at  least  those  under  which  914  is  now  plainly  seen.  When 
condensed  as  much  as  arrangements  allow  (about  four  times),  I  probably 
get  a  somewhat  brighter  image  at  the  slit  than  that  produced  by  Mr.  Hug- 
gins's  telescope ;  but  with  little  or  no  condensation,  and  a  dispersion  of  near 
7^  (B  to  H=6^  50'),  the  line  in  question  is  still  conspicuous.  Yet  Mr. 
Huggins  speaks  of  this  line  as  barely  distinguishable,  or  not  at  all  visible 
with  his  earlier  apparatus.  Width  of  slit,  of  course,  plays  a  prominent 
part ;  but  I  cannot  be  wrong  in  assuming  that,  for  prospecting  purposes, 
Mr.  Hoggins  tried  various  widths.  Moreover  when  the  slit  is  gradually 
cat  down,  914  iji  visible  as  long  as  the  chief  Fraunhofer  lines,  and  is  still 
readily  seen  when  the  light  is  insufficient  to  show  a  trace  of  C  or  838 
near  it. 

These  considerations,  if  not  entitled  to  much  weight,  at  least  point  to  a 
possible  variability  of  the  line  in  question.  If  this  prove  to  be  the  case,  it 
will  be  interesting  to  note  its  degree  of  visibility  in  connexion  with  the  cha- 
racter of  the  surface  at  the  different  times  of  observation. 

I  cannot  find  whether  914  or  838  is  involved  in  the  lines  proved  by  M. 
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Jftnsen  as  special  to  aqueous  yapour.  An  answer  one  way  or  the  other 
would  be  equally  interesting  ;  for  Mr.  Huggins's  obseryations  and  my  own 
later  ones  (which  are  indeed  merely  corroboratiye)  go  far  to  prove  that, 
whatever  the  cause  of  the  lines,  that  which  prodaces  914  and  838  has  on 
Jupiter  more  efficacy  than  that  which  produces  882,  while  the  reverse 
appears  to  be  the  case  ou  the  earth. 

Jupiter  was  taken  in  hand  specially  to  note  any  peculiarity  in  the  spec- 
trum of  different  parts  of  the  surface,  as  regards  general  or  specific  absorp- 
tion. The  best  observations  were  made  on  the  night  of  December  11th, 
when  the  phenomena  were  as  given  in  the  diagram  (Plate  I.  fig.  2),  to 
which  the  second  figure  of  Jupiter  is  added  merely  for  any  additional 
interest  to  be  derived  from  two  views  on  the  same  night  (a  at  9.30,  b  at 
n.30±). 

The  space  N  P  is  slightly  yellowish,  and  appears  at  good  defining  mo- 
ments to  be  crossed  by  a  multitude  of  fine  hair  lines  (this  has  been  seen 
more  than  once) ;  P  Q  is  white,  and  considerably  brighter  than  the  general 
surface ;  QR  dusky  yellow,  much  darker  than  N  P ;  RT  white ;  TS  similar 
to  P  Q,  but  more  approaching  to  white. 

P,  Q,  R,  T  dark  brown  with  occasional  suspicion  of  green  tinge. 

The  si)ectrum,  as  given  in  the  diagram,  is  an  inversion  (to  suit  telescopic 
image  of  planet)  of  what  is  seen  in  the  spectroscope  with  the  slit  perpendi- 
cular to  Jupiter's  equator. 

The  absorption  of  Q,  R  is  most  marked  beyond  F,  fading  gradually 
away  to  about  £  ;  beyond  this  Q,  R  are  seen  separately  with  an  apparently 
undiminished  spectrum  between  them ;  P  Q  is  much  brighter  than  the 
general  spectrum,  and  is  normal  throughout ;  T  R  occasionally  flashes  out 
brightly ;  P  stretches  equally  across  the  spectrum ;  T  is  most  marked  at 
the  less  refrangible  end  (the  reverse  of  this  was  the  case  for  one  of  the  belts 
on  a  former  occasion). 

A  special  point  aimed  at  in  these  observations  was  to  note  any  peculiarity 
in  the  lines  9 1 4,  838  as  they  cross  the  various  parts  of  the  surface  in  this 
position  of  the  slit,  but  no  satisfactory  evidence  could  be  elicited.  As 
before  mentioned,  by  the  interposition  of  a  suitable  lens  the  image,  still 
focused  on  the  slit,  may  be  condensed  at  pleasure  within  certain  limits ;  a 
point  is  therefore  chosen  at  which  the  compromise  between  brilliancy  of 
spectrum  and  size  of  image  is  deemed  most  suitable  for  the  object  in  view. 
The  light  is  quite  adequate  for  the  purpose  when  the  bands  T  Q,  Q  R  are 
still  of  considerable  width;  any  difference,  if  not  very  slight,  in  the  line  914 
as  it  crossed  the  different  bands  ought  therefore  to  have  been  detected. 
This  was  not  the  case.  The  experiment  was  tried  of  placing  the  slit 
parallel  to  the  bands,  but  with  no  new  result. 
Melboumo  Observatory,  January  3,  1870. 
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March  10,  1870, 
WARREN  DE  LA  RUE,  Esq.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  ''On  some  Elementary  Principles  in  Animal  Mechanics. — 
No,  III.  On  the  Muscular  Forces  employed  in  Parturition.'' 
By  the  Rev.  Samuel  Haughton,  M.D.,  Fellow  of  Trinity  Col- 
lege, Dublin.     Received  January  31,  1870. 

In  the  first  stage  of  natural  labour,  the  involuntary  muscles  of  the  uterus 
contract  upon  the  fluid  contents  of  this  organ,  and  possess  sufficient  force 
to  dilate  the  mouth  of  the  womb,  and  generally  to  rupture  the  membranes, 
I  shall  endeavour  to  show,  from  the  principles  of  muscular  action  already 
laid  down,  that  the  uterine  muscles  are  sufficient,  and  not  much  more  than 
Buffident,  to  complete  the  first  stage  of  labour,  and  that  they  do  not  pos- 
sess an  amount  of  force  adequate  to  rupture,  in  any  case,  the  uterine  wall 
itself. 

In  the  second  stage  of  labour,  the  irritation  of  the  foetal  head  upon  the 
wall  of  the  vagina  provokes  the  refiex  action  of  the  voluntary  abdominal 
mnacles,  which  aid  powerfully  the  uterine  muscles  to  complete  the  second 
stage  by  expelling  the  foetus.  The  amount  of  available  additional  force 
given  out  by  the  abdominal  muscles  admits  of  calculation,  and  will  be  found 
much  greater  than  the  force  produced  by  the  involuntary  contractions  of 
the  womb  itself. 

The  mechanical  problem  to  be  solved  for  both  cases  is  one  of  much 
interest,  as  it  is  the  celebrated  problem  of  the  equilibrium  of  a  flexible 
membrane  subjected  to  the  action  of  given  forces.  It  has  been  solved  by 
Ijagrange  (Mecanique  Analytique,  p.  147)  in  all  its  generality.  In  the 
most  general  case  of  the  problem,  the  following  beautiful  thereom  can  be 
demonstrated : — Let  T  denote  the  tensile  strain  acting  in  the  tangential 
plane  of  the  membrane,  applied  to  rupture  a  band  of  the  membrane  1  inch 
broad ;  let  P  denote  the  pressure  resulting  from  all  the  forces  in  action, 
perpendicidar  to  the  surface  of  the  membrane,  and  acting  on  a  surface  of 
one  square  inch ;  and  let  p^  and  p,  denote  the  two  radii  of  principal  curva- 
ture of  the  membrane  at  the  point  considered.  Then  we  have  the  follow- 
ing equation  :— 

p=Tx  (I  +  -Y 

If  the  surface,  or  a  portion  of  it,  become  spherical,  the  two  principal 
curvatures  become  equal,  and  the  equation  becomes 

P 

In  the  case  of  the  uterus  and  its  membranes,  the  force  P  arises  from 
VOL.  xmi.  z 
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hjdrostatical  pressure  only,  and  is  therefore  easily  measured,  and  the  sap- 
position  of  spherical  curvature  is  approximately  admissihle. 

It  is  evident  from  the  form  of  the  gravid  uterus,  that  its  eorTatme  is 
greatest  near  its  mouth ;  and  the  equation  shows  that  for  a  given  hydro- 
statical  pressure  the  tensile  strain  is  proportional  to  the  radius  of  enmtiire; 
hence  this  strain  will  he  greatest  at  the  fundus  of  the  uterus,  in  which 
part,  accordingly,  we  find  the  muscular  coat  thicker  than  daewhere.  If 
we  assume  the  shape  of  the  uterus  to  he  that  of  a  prolate  ellipscndy  whoae 
longer  diameter  is  12  inches,  and  shorter  diameter  8  inches,  its  mean  cur- 
vature will  he  that  of  a  sphere  whose  diameter  is  9*158  inches. 

The  volume  of  the  gravid  uterus  is  found  from  the  expression 

Volume  =  -grai'i 

in  which  a  and  b  are  the  semiaxes,  and  t  is  the  ratio  of  the  oircumftrence 
of  a  circle  to  its  diameter ;  substituting  for  a  and  b  their  numerical  valiieSi 
we  find  the  contents  of  the  uterus  to  he  402*13  cuhic  inches. 
The  surface  of  the  gravid  uterus  may  be  found  from  the  equation 

Surface  «  ^^ (sin-» tf  +  e ^/\Z:?) ; 

e 

in  which  e  is  the  excentricity  of  the  generating  ellipse.  If  the  numerieil 
values  be  substituted  in  this  expression,  it  will  be  found  that  the  aur&ce 
of  the  uterus  is  270*66  square  inches  *. 

Some  highly  interesting  conclusions  may  be  drawn  from  the  preceding 
calculations,  combined  with  the  weight  of  the  total  muscular  tissue  of  the 
uterus.  Heschl  estimates  the  weight  of  the  uterine  muscles  at  from  1  lb. 
to  1*5  lb.,  Montgomery  found  the  muscles  of  the  gravid  uterus  to  weigh 
1*5  lb.,  and  Levret  estimates  them  at  5 1  cubic  inches,  which,  with  a  spedfie 
gravity  of  1*052,  I  find  to  be  equivalent  to  1*93  lb.  Taking  the  mean  of 
these  estimates  we  have : — 

Weight  o/Mtucular  Fibres  of  Oravid  Womb, 

lU. 
Heschl 1*25 

Montgomery 1  '50 

Levret 1*93 

Mean 1*56 

If  wc  now  suppose  this  quantity  of  muscle  to  be  spread  over  the  entire 
surface  of  the  uterus,  we  find 

Mean  thickness  of  muscu-  f    1  •  56  X  7000  X  1 000     1  -sO*15I9inch 
lar  wall  of  uterus    \  252*5  x  270*66  X  1052  J  "* 

^  Levret  estimates  the  contents  of  the  gravid  uterus  at  408  cubic  inches,  and  iti 
surface  at  339  square  inches. 

Poppel  estimates  the  contents  at  300  cubio  inches,  and  the  Borfaoe  at  210  square 
indhes. 
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If  we  suppose  a  ribbon,  one  inch  in  width,  to  be  formed  from  the  wall  of 
the  uterus,  its  thickness  will  be  0*1519  inch ;  and  as  each  square  inch  of 
cross  section  of  muscular  fibre  is  capable  of  liflmg  102*55  lbs.,  we  find  for 
the  greatest  tensile  force  producible  by  the  contraction  of  the  uterine 
muscles : — 

Tensile  strain  of  uterine  1  i  Ao.cfc  v>  a  i  e  i  n     i  ^  <:  t^t  n. 
waUperinch |  102-55x0-1519  =  15.577lbs. 

Sobstitnting  this  yalue  of  T  in  the  equation 

P_  2T 

P 

and  for  pits  mean  value  9*158  inches,  we  obtain  the  maximum  hydrostatical 
pressure  inside  the  gravid  uterus  that  can  be  produced  by  the  contraction 
of  its  muscular  fibres  : — 

Maximum  hydrostatical  pressure  1  2x  15*577  _  q.402  Ih 
produced  by  uterine  contraction  j      9^58 

This  pressure,  applied  to  a  circular  surface  of  4i  inches  in  diameter,  is 
equal  to  54*106  lbs.  One  hundred  experiments  were  made  by  Duncan  and 
Tait  upon  the  hydrostatical  pressure  necessary  to  rupture  the  membranes 
which  contain  the  liquor  amnii,  which  are  recorded  in  Dr.  Duncan's  book  * 
(pp.  306-311).  The  greatest  pressure  observed  was  3*10  lbs.,  and  the 
least  was  0*26  lb. ;  and  I  find  that  the  mean  rupturing  pressure  of  all 
their  experiments  was  1*2048  lb. 

Combining  this  experimental  result  with  the  calculation  already  given, 
of  the  amount  of  pressure  producible  by  the  muscular  tissue  of  the  womb, 
we  may  conclude  that  the  uterine  muscles  are  capable  of  rupturing  the 
membranes  in  every  case,  and  possess,  in  general,  nearly  three  times  the 
amount  of  force  requisite  for  this  purpose. 

In  the  second  stage  of  labour,  the  voluntary  action  of  the  abdominal 
muscles  is  called  into  play  to  aid  the  expulsive  efforts  of  the  uterine  muscles. 
I  have  attempted  to  calculate  the  force  available  from  the  contraction  of 
these  muscles  as  follows. 

The  abdominal  muscles  are  four  in  number,  viz.  rectus  abdominis, 
ohliquHS  externus,  obliquus  intemus  and  transversalis.  The  last  three 
tnoscles  form  curved  sheets,  acting  upon  the  corresponding  muscles  of  the 
opposite  side  by  means  of  tendinous  aponeuroses  which  meet  in  the  linea 
alba,  and  form  the  sheath  of  the  vertical  rectus  abdominis  muscle.  From 
the  arrangement  of  all  four,  it  is  plain  that  the  tensile  force  of  muscular 
contraction  in  the  curved  wall  of  the  belly,  from  the  xiphoid  cartilage  to  the 
sympbysis  pubis,  is  to  be  measured  by  the  sum  of  the  united  forces  of  all 
tihe  muscular  sheets.  If  we  knew  the  force  of  each  muscle,  and  the  prin- 
cipal curvatures  of  the  belly  in  the  middle  line,  we  could  calculate,  by  La- 
grange's theorem,  the  hydrostatical  pressure  inside  the  abdominal  cavity 
and  available  to  expel  feeces,  urine,  or  a  foetus. 

*  Besearohes  in  Obitetriof.    Sdinborgh,  1868. 
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la  order  to  ascertain  the  force  of  the  muscleSy  I  measured  caieAilly  their 
average  thicknesses  in  three  subjects,  of  whom  one  was  a  young  woman 
who  had  borne  children,  and  the  others  were  men  of  ordinary  sise  and  ap- 
pearance.   The  results  obtained  were  the  following : — 

Thicknesses  of  Abdominal  Muscles. 


No.  1.  Male. 

No.  2.  Female. 

No.  3.  Malft. 

Rectus  abdominis    

in. 
0-275 
0-200 
0-235 
0127 

in. 

0-29 

0-25 

017 

015 

in. 
0-34 
0-19 
0-24 
0-14 

Obliouus  extornus    

ObliauoB  intemiis    

Transversalis    

Total 

0-837 

0-8G 

0^1 

The  average  total  thickness  of  the  muscular  walls  is  0*869  inch,  which 
is  nearly  identical  with  the  measurement  obtained  from  the  female  subject. 
It  has  been  ascertained  by  careful  observations,  that  we  must  add  50  per 
cent,  to  the  weights  of  muscles  in  the  dead  subject  in  order  to  bring  them 
to  the  living  weights ;  this  correction  gives  us  1*3035  inch  for  the  mean 
thickness  of  the  muscles  causing  tension  in  the  central  line  of  the  bdly, 
where  the  forces  of  all  the  muscles  come  into  play  together.  Multiplying 
this  thickness  by  102*55  lbs.,  or  coefficient  of  muscular  contraction,  we 
find 

T=l-3035xl02-55=]33-671bs. 

This  is  the  tensile  strain  producible  by  the  contraction  of  the  abdominal 
muscles  along  the  curved  central  line  of  the  belly. 

It  remains  now  to  ascertain  the  principal  curvatures  of  the  abdonunal 
surface,  and  to  use  the  equation 


=1(1 + 1) 


so  as  to  determine  V,  the  hydrostatical  pressure  per  square  inch  inside  the 
cavity  of  the  belly,  and  available,  either  in  whole  or  in  part,  for  the  expul- 
sion of  the  foetus  during  the  second  stage  of  labour. 

In  order  to  ascertain  the  curvature  of  the  belly,  I  made  experiments  on 
three  young  men  placed  lying  on  their  backs  upon  the  floor,  and  made 
them  depress  and  raise  the  abdominal  wall  as  much  as  possible.  The  result 
was  as  follows : — ^Taking  a  straight  line  from  the  upper  part  of  the  sym- 
physis pubis  to  the  xiphoid  cartilage  as  the  fixed  line  of  comparison,  it  was 
found  possible  to  depress  the  navel  one  inch  below  this  fixed  line  and  to 
raise  it  two  inches  above  it.  When  the  belly  was  distended  to  the  utmost 
by  the  action  of  the  abdominal  muscles,  I  measured  the  longitudinal  and 
transverse  curvatures  by  measuring  the  sagittas  corresponding  to  a  giren 
length  of  tangent,  with  the  following  results : — 
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Number. 

Diameter  of 
loDgihidinal  curvature. 

Diameter  of 
transverse  curvature. 

«r.  Gr.  M 

H.O. 

in. 

22-93 
22-73 
22-52 

in. 
12-30 
12-80 
12-80 

S.  H 

Mean 22-727 

12-633 

The  cunratare  of  the  distended  belly  at  the  navel  is  found  to  be^  from 
the  forgoing  measurements. 


1 


1 


l4.JL  =  _L_  . 

p^      p^      11-3635  "*"  6-3166       40596' 


Multiplying  this  curvature  into  the  tension  of  the  abdominal  muscles  at 
the  navel  already  found,  viz.  133*67  lbs.  per  inch,  we  obtain,  finally, 

P=  1^^=32-926  lbs.  per  square  inch. 

This  amount  of  expulsive  force  per  square  inch  is  available,  although 
not  oaually  employed,  to  assist  the  uterus  in  completing  the  second  stage 
of  labour.  If  we  suppose  it  applied  to  the  surface  of  a  circle  4|-  inches  in 
diameter  (the  usual  width  of  the  pelvic  canal),  we  find  that  it  is  equivalent 
to  523*65  lbs.  pressure. 

Adding  together  the  combined  forces  of  the  voluntary  and  involuntary 
xnnscles,  we  find — 

Involuntary  muscles =  54*106  lbs. 

Voluntary  muscles =523-65    „ 

Total 577*75     „ 

Thus  we  see  that,  on  an  emergency,  somewhat  more  than  a  quarter  of  a 
ton  pressure  can  be  brought  to  bear  upon  a  refractory  child  that  refuses  to 
come  into  the  world  in  the  usual  manner*. 

In  order  to  determine  by  actual  experiment  the  expulsive  force  of  the 
abdominal  muscles,  I  placed  two  men,  of  48  and  2 1  years  of  age  respec- 
tirely,  lying  on  a  table  upon  their  backs,  and  put  a  disk  measuring  1*87 
inch  diameter  just  over  the  navel ;  weights  were  placed  upon  this  disk  and 
gradually  increased  until  the  extreme  limit  of  weight  that  could  be  lifted 
with  safety  was  reached ;  this  limit  was  found  to  be  in  both  cases  113  lbs. 
Ab  the  drcle  whose  diameter  is  1-87  inch  has  an  area  of  2-937  square 

*  The  preceding  result  will  no  doubt  remind  the  curious  and  well-informed  reader 
of  tiie  statement  made  by  Mr.  Shandy,  on  ilie  authority  of  Lithopaedus  Senonensis,  '  De 
parta  difficili,'  that  the  force  of  the  woman's  efforts  in  strong  kbour  pains  is  equal  upon 
an  vnngb  to  the  weight  of  470  lbs.  avoirdupois  acting  perpendicularly  upon  the  Tcr- 
tex  of  the  head  of  the  diild. 
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inchesj  the  pressure  perpendicular  to  the  abdominal  wall  produced  by  the 

action  of  the  abdominal  muscles  was 

1 13 
P=  __  =38*47  lbs.  per  square  inch, 

a  result  which  differs  little  from  that  already  found  by  calculation  from  the 
actual  measurements  of  the  muscles  and  curvatures. 

II.  ''  Tables  of  the  Numerical  Values  of  the  Siue-integral,  Cosine- 
integral^  and  Exponential  Integral.^^  By  J.  W.  L.  Glaisheb, 
Trinity  College,  Cambridge.  Communicated  by  Professor  Cay- 
ley,  LL.D.     Received  February  10,  1870. 

(Abstract.) 
The  integrals 

f'!E!irf„,    if'^du.    r'-^du. 

called  the  sine-integral,  cosine-integral,  and  exponential  integral,  were  used 
by  Schlomilch  to  express  the  values  of  several  more  complicated  int^rals, 
and  denoted  by  him  thus, — Six,  Cior,  Eij?;  the  last  function,  however,  is 
for  all  real  values  of  x  only  another  form  of  the  logarithm-integral,  the  re- 
lation being 

Ei  arassli  e». 

These  functions  have  since  been  shown  to  be  the  key  to  a  very  large  class 
of  definite  integrals,  and  several  hundreds  have  been  evaluated  in  tennaof 
them  by  Schlomilch,  Do  Haan,  &c.,  so  that  for  some  time  they  have  been 
considered  primary  functions  of  the  integral  calculus,  and  forms  reduced  to 
dependence  on  them  have  been  regarded  as  known. 

Considering,  therefore,  the  large  number  of  integrals  dependent  on  them 
for  their  evaluation,  and  their  consequent  importance  as  a  means  of  extend- 
ing the  integral  calculus,  it  seemed  very  desirable  that  they  should  be  syste- 
matically tabulated,  the  only  values  which  have  previously  been  obtained 
being  those  of  Six,  Cijr,Eijr,  Ei(—x)  for  the  values  *=1,  2, ...  10  calcu- 
lated by  Bretschneider,  and  printed  in  the  third  volume  of  Grunert'a 
'  Archiv  der  Mathematik  und  Physik,'  and  a  Table  of  the  logarithm-integral 
published  by  Soldnerat  Munich  in  1806. 

The  present  Tables  contain  the  values  of  Si  J?,  Ci  r,  Ei  *,  Ei  ( — *)  for 
values  of  «r  from  0  to  1  at  intervals  of  *01  to  nineteen  places  of  decimals, 
for  values  off  from  1  to  5  at  intervals  of  *1,  and  from  5  to  15  at  intenrala 
of  unity,  to  ten  places,  and  for  J7=20  to  twelve  places.  Also  values  of  Si# 
and  Ci  x  only  for  values  of  or  from  20  to  1 00  at  intervals  of  5,  to  200  at  inter- 
vals of  10,  to  1000  at  intervals  of  100,  and  for  several  higher  values  to  seven 
places ;  besides  Tables  of  the  maxima  and  minima  vidues  of  these  func- 
tions, corresponding  in  the  case  of  the  sine-integral  to  multiples  of  t,  and  in 

the  case  of  the  cosine-integral  to  odd  multiples  of  ~,  also  to  seven  places. 
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HI.  ^  Betearehes  on  Solar  Physics. — No.  II.  The  Positions  and 
Areas  of  the  Spots  observed  at  Kew  during  the  years  1864-66, 
also  the  Spotted  Area  of  the  Sun^s  visible  disk  from  the  com- 
mencement of  1882  up  to  May  1868."  By  Warrbn  De  La 
Rue,  Esq.,  Ph.D.,  F.R.S.,  P.R.A.S.,  Balpour  Stewart,  Esq., 
LL.D.,  F.R.S.,  P.R.A.S.,  Superintendent  of  the  Kew  Obser- 
vatory, and  Benjamin  Loewy,  Esq.,  F.R.A.S.  Received  Fe- 
bruary 15, 1870, 

(Abstract.) 

The  paper  commences  with  a  continuation  for  the  years  1864-66  of 
Tables  IL  and  III.  of  a  previous  paper  by  the  same  authors ;  it  then  pro- 
ceeds to  a  discussion  of  the  value  of  the  pictures  of  the  sun  made  by 
Hofrath  Schwabe^  which  had  been  placed  at  the  disposal  of  the  authors, 
and  the  result  is  that  these  pictures,  when  compared  with  simultaneous 
pictures  taken  by  Carrington  and  by  the  Kew  heliograph,  are  found  to  be  of 
great  trustworthiness.  From  1832  to  1854  the  pictures  discussed  are  those 
of  Schwabe^  who  was  the  only  observer  between  these  dates  ;  then  follows  the 
series  taken  by  Carriogton,  and  lastly  the  Kew  series,  which  began  in  1862. 
A  list  is  given  of  the  values  of  the  sun's  spotted  area  for  every  fortnight, 
from  the  beginning  of  1832  up  to  May  1868,  and  also  a  list  of  three- 
monthly  values  of  the  same,  each  three-monthly  value  being  the  mean  of 
the  three  fortnightly  values  which  precede  and  of  the  three  which  follow 
it.     These  three-monthly  values  are  also  given  for  every  fortnight. 

A  plate  is  appended  to  the  paper,  in  which  a  curve  is  laid  down  repre- 
senting the  progress  of  solar  disturbance  as  derived  from  the  three-monthly 
values ;  and  another  curve  is  derived  from  this  by  a  simple  process  of  equali- 
sation, representing  the  progress  of  the  ten-yearly  period.  The  values  of 
the  latter  curve,  corresponding  to  every  fortnight,  are  also  tabulated.  From 
this  Table  are  derived  the  following  epochs  of  maxima  and  minima  of  the 
longer  period : — 

Minimum     Nov.  28,  1833. 

Maximum      Dec.  21,  1836. 

Minimum     Sept.  21,  1843. 

Maximum      Nov.  14,  1847. 

Minimum    April  21,  1856. 

Maximum     Sept.  7,  1859. 

Minimum    Feb.  14,  1867. 

This  exhibits  a  variability  in  the  length  of  the  whole  period. 

Thus  we  have  between  1st  and  2nd  minimum 9*81  years. 

2nd  and  3rd  do.  1 2-58      „ 

3rd  and  4th  do 10*81      „ 


Mean  of  all  the  periods 1 1*07  years. 

Aao&er  fact  preriously  noted  by  Sir  J.  Herschel  is  brought  to  light. 
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namely,  that  the  time  between  a  minimum  and  the  next  marimnm  is  1cm 
than  that  from  the  maximum  to  the  next  minimum. 

Thus  the  times  from  the  minimum  to  the  maximum  are  for  the  three 
periods  3*06,  4*14,  and  3*37,  while  those  from  the  maximum  to  the 
minimum  are  6*75,  8*44,  and  7*44  years. 

In  all  the  three  periods  there  are  times  of  secondary  maxima  after  the  first 
maximum  ;  and  in  order  to  exhibit  this  peculiarity,  statistics  are  giTen  of  the 
light-curve  of  R  Sagittse  and  of  /3  Lyras,  two  variable  stars  which  present 
peculiarities  similar  to  the  sun. 

Finally,  the  results  are  tested  to  see  whether  they  exhibit  any  trace  of 
planetary  influence ;  and  for  this  purpose  the  conjunctions  of  Jupiter  and 
Venus,  of  Venus  and  Mercury,  of  Jupiter  and  Mercury,  as  well  as  the 
varying  distances  of  Mercury  alone  in  its  elliptical  orbit,  have  been  OEiade 
use  of,  and  the  united  effect  is  exhibited  in  the  following  Table,  the  unit  of 
spotted  area  being  one-millionth  of  the  sun's  visible  hemisphere : — 

Excess  or  Deficiency. 

, — -^ « ^ 

Angular  Jupiter  and  Venus  and      Mercury  alone       Mercury  and 

separation*  Venui;.  Mercury.       (Perihelion  =0).         Jupiter. 

Oto    30  4-  881  +1675  —  380  —227 

30  to    60  -     60  —  139  -1188  —317 

60  to    90  -452  —1665  -1287  —594 

90  to  120  -5/9  -2355  -1262  —714 

120  to  150  —   705  —2318  —1208  —508 

150  to  180  -759  -1604  -1027  -491 

180  to  210  -  893  -  481  -  519  -416 

210  to  240  -   752  +  547  +  430  —189 

240  to  270  —  263  +  431  +1082  —   25 

270  to  300  +70  +  228  +1436  +154 

300  to  330  +  480  +1318  +1282  +164 

330  to      0  +1134  +2283  +   586  —  45 

IV.  '^On  the  Contact  of  Conies  with   Surfaces."     By  William 
Spottiswoode,  M.A.,  F.R.S.     Received  February  16,  1870. 

(Abstract.) 

It  is  well  known  that  at  every  point  of  a  surface  two  tangents^  called 
principal  tangents,  may  be  drawn  having  thrce-pointic  contact  with  the 
snrface,  t.  e.  having  an  intimacy  exceeding  by  one  degree  that  generally 
enjoyed  by  a  straight  line  and  a  surface.  Tiie  object  of  the  present  paper 
is  to  establish  the  corresponding  theorem  respecting  tangent  conies,  viz. 
that  "  at  every  point  of  a  surface  ten  conies  may  be  drawn  having  six- 
pointic  contact  with  the  surface  ;"  these  may  be  called  Principal  Tangent 
Conies.  In  this  investigation  I  have  adopted  a  method  analogous  to  that 
employed  in  my  paper  "  On  the  Sextactic  Points  of  a  Plane  Curve"  (Phil. 
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Trans.  toL  dv.  p.  653) ;  and  as  I  there,  in  the  case  of  three  variables,  in- 
trodaced  a  set  of  three  arbitrary  constants  in  order  to  comprise  a  group  of 
expressions  in  a  single  formnla,  so  here,  in  the  case  of  four  variables,  I  in- 
troduce with  the  same  view  two  sets  of  four  arbitrary  constants.  If  these 
constants  be  represented  by  a,  /3,  y,  ^,  a',  /3',  y ,  ^,  I  consider  the  conic 
of  five-pointic  contact  of  a  section  of  the  surface  made  by  the  plane 
«—to'=0,  where  tir=flMPH-/3yH-yrH-^^,  and  cr'=aj:+/3y-f  y'^H-37,  and 
k  is  indeterminate ;  and  then  proceed  to  determine  k,  and  thereby  the  azimuth 
of  the  plane  about  the  line  m^O,  m=0,  so  that  the  contact  may  be  six- 
pointic.  The  formulae  thence  arising  turn  out  to  be  strictly  analogous  to 
those  belonging  to  the  case  of  three  variables,  except  that  the  arbitrary 
quantities  cannot  in  general  be  divided  out  from  the  final  expression.  In 
fact,  it  is  the  presence  of  these  quantities  which  enables  us  to  determine 
the  position  of  the  plane  of  section,  and  the  equation  whereby  this  is 
effected  proves  to  be  of  the  degree  10  in  « :  m'=k,  and  besides  this  of  the 
d^ree  12n^27  in  the  coordinates  a:,  y,  z,  t  (n  being  the  degree  of  the 
surfiu^),  giving  rise  to  the  theorem  above  stated. 

Beyond  the  question  of  the  principal  tangents,  it  has  been  shown  by 
Clebsch  and  Salmon  that  on  every  surface  U  a  curve  may  be  drawn,  at 
every  point  of  which  one  of  the  principal  tangents  will  have  a  four* 
pointic  contact.  And  if  n  be  the  degree  of  U,  that  of  the  surface  S  inter- 
secting U  in  the  curve  in  question  will  be  lln— 24.  Further,  it  has  been 
shown  that  at  a  finite  number  of  points  the  contact  will  be  five-pointic. 
The  number  of  these  points  has  not  yet  been  completely  determined ;  but 
Clebsch  has  shown  (Crelle,  vol.  Iviii.  p.  93)  that  it  does  not  exceed 
Ji(lln — 24)  (14n— 30).  Similarly  it  appears  that  on  every  surface  a 
carve  may  be  drawn,  at  every  point  of  which  one  of  the  principal  tangent 
oonics  has  a  seven-pointic  contact,  and  that  at  a  finite  number  of  points 
the  contact  will  become  eight-pointic.  But  into  the  discussion  of  these 
Utter  problems  I  do  not  propose  to  enter  in  the  present  communication. 

March  17,  1870. 
Capt.  RICHARDS,  R.N.,  Vice-President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  ''On  the  Law  which  regulates  the  Relative  Magnitude  of  the 
Areas  of  the  four  Orifices  of  the  Heart/'  By  Herbert  Davies, 
M.D.,  P.R.C.P.,  Senior  Physician  to  the  London  Hospital,  and 
formerly  Fellow  of  Queens'  College,  Cambridge.  Communicated 
by  W.  H.  Flower,  Hunterian  Professor  of  Comparative  Ana- 
tomy.   Received  January  27, 1870. 

I  propose  in  this  communication  to  inquire  whether  any  law  can  be 
discovered  which  determines  the  relative  magnitude  of  the  areas  of  the 
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tricuspid,  pulmonic^  mitral,  and  aortic  orifices-— the  four  principal  openiiigi 
iu  the  heart. 

Although  to  ordinary  observation  these  orifices  appear  to  exhibit  no 
mutual  relationship  of  size,  there  can  be  no  doubt  that  an  instniment  so 
accurate  in  the  adaptation  of  its  valvular  apparatus,  and  so  exact  in  the 
working  of  its  different  parts,  must  reveal  on  close  examination  the  exist- 
ence of  laws  which  not  only  determine  the  force  required  to  be  impressed 
upon  the  blood  traversing  its  chambers,  but  also  the  relative  dies  of  these 
apertures  to  one  another. 

The  facts  and  inferences  which  I  shall  adduce  on  this  subject  will  tend^ 
I  believe,  to  throw  some  light  upon  the  mechanism  of  the  heart  in  its 
healthy  state,  and  will  explain  also  some  points  of  practical  interest  in  the 
pathology  of  that  organ; 

To  M.  Bizot  in  France,  and  Drs.  Peacock  and  Reid  in  this  country,  are 
we  mainly  indebted  for  the  most  careful  and  trustworthy  measurements  of 
the  circumferences  of  the  orifices.  Their  measurements  have  been  re- 
corded to  the  minuteness  of  the  thousandth  part  of  an  inch,  and  yet  it  will» 
I  believe,  be  readily  admitted  that  the  results  in  the  form  given  by  these 
distinguished  observers  help  us  but  little  in  obtaining  any  definite  idea  of 
the  mutual  relationship  of  the  areas  of  the  orifices,  and  are  destitute  of  any 
practical  value  in  our  study  of  the  mechanism  of  the  heart  itself. 

Had  the  observations  been  pushed  further,  or,  rather,  had  the  figures 
been  worked  out  into  some  distinct  and  definite  shape,  these  observers 
could  not  have  failed  to  discover  an  interesting  and  important  law  pre- 
siding over  the  areas  of  these  orifices,  and  they  would  thus  have  been 
enabled  to  utilize  a  multitude  of  measurements  which  had  been  obtained 
by  considerable  labour  and  patient  research. 

Taking  the  measurements  given  by  Dr.  Peacock  in  the  Croonian  Lec- 
tures for  1865,  we  find  the  mean  circumferences  of  the  four  orificea,  ex- 
pressed in  English  inches,  to  be  as  follows : — 

Males.  Females. 

Tricuspid    474  4*562 

Pulmonic   3-552  3*493 

Mitral 4  3996 

Aortic 3-14  3*019 

I  will  now  place  these  valuable  facts  into  another  shape  by  calculating 
from  these  measurements  of  circumference  the  areas  of  the  respective 
openings. 

The  circumference  of  a  circular  opening  being  known,  its  radius  is  de- 
termined from  the  formula 

circumference = 2irr, 

where  7rs3'1415  ;  and  the  radius  being  thus  determined^  the  atea  of  the 
opening  is  calculated  from  the  formula 

areasirr*. 
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The  mean  areas  of  the  four  orifices  thus  obtained  are  found  to  be 
as  follows : — 

Males.  Females. 

Tricuspid 1'78  sq.  in.  1*6  sq.  in. 

Pulmonic 1  *97 

Mitral 127  1-27 

Aortic -78  *^7 

Or,  for  facility  of  recollection^  we  maj  consider  the  respective  mean  areas 
iu  the  male  to  be : — 

Tricuspid 1 1  sq.  in. 

Pulmonic 1 

Mitral 1^ 

Aortic • I 

whence  it  is  obvious  that  the  apertures  differ  verj  considerably  in  area 
from  each  other,  the  tricuspid  having  the  largest  area,  its  orifice  being 
more  than  double  the  size  of  the  aortic  opening. 

Irregular,  however,  as  these  areas  may  appear  to  be  in  magnitude  with 
respect  to  each  other,  we  shall  find,  on  pushing  our  observations  further, 
that  there  is  a  distinct  and  constant  law  presiding  over  them,  and  this  law 
is  discovered  when  we  compare  the  ratioe  of  the  areas  of  corresponding 
orifices.    Thus, 


Area  of  tricuspid __  1/78 _ ,  .  , 

Area  of  mitral        ^27""      '  ""^^"^ ' 

Area  of  pulmonic        1       ,  o  i 


Area  of  aortic         '78 

or,  in  other  words,  the  area  of  the  tricuspid  appears  from  these  calculations 
to  bear  nearly  the  same  relation  to  the  area  of  the  mitral  which  the  area  of 
thepnlmonio  does  to  that  of  the  aortic  orifice,  t.  e.  were  the  tricuspid,  for 
fgiunpl<^  twice  the  size  of  the  mitral  orifice  in  area,  the  pulmonic  would  be 
twice  the  site  of  the  aortic  orifice  in  area,  the  two  ratios  differing  from 
each  other  only  by  one-tenth. 

Again,  if  we  adopt  Dr.  Reid's  measurements  of  the  circumference  of  the 
healthy  cardiac  orifices  (these  measurements  being  given  in  Dr.  Peacock's 
work),  we  shall  find  this  law  to  be  more  conclusively  proved. 

Aceording  to  Dr.  Beid  the  measurements  of  the  circumferences  are  as 
follows: — 

Male.  Female. 

Tricuspid 5*3  in.  4*9  in. 

Pulmonic 3*7  3*5 

Mitral   4*6  4-2 

Aortic    3-2  3 
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from  which  data  we  find  the  areas  to  be : — 

Tricuspid   2*24  sq.  m.  1*9  sq.  in. 

Pulmonic   I'Ol  1 

Mitral I'l  1-4 

Aortic -8  -71 

And  if  we  make  the  same  comparison  of  areas  as  we  did  in  Dr.  Peacock's 
measurementSi  we  find : — 

Male9n 


Area  of  tricuspid  ^2'24_|,q,| 
Area  of  mitral        1*7 

Area  of  pulmonic^  1*01  ^,.26 

Area  of  aortic         '8       

Difference  of  the  ratios  s=  *05 


Females, 

Area  of  tricuspid  _  1'9       i  .og 
Area  of  mitral         1*4 

Area  of  pulmonic  _1       _ ,  .^ 

Area  of  aortic         '71     

Difference  of  the  ratios  =  '04 

It  is  well  known  that  no  measurements  can  be  taken  of  such  orifices  as 
those  of  the  heart  without  liability  to  error ;  but  no  one  can  obsenre 
the  close  identity  of  the  respective  ratios  without  concluding  that  the 
ratios  are  really  identical^  and  that  the  small  differences  in  the  calculated 
results  depend  entirely  upon  theimpossibilityof  obtaining  absolutely  correct 
measurements  of  the  boundaries  of  such  openings.  It  is  clear,  therefore,  that 
in  whatever  proportion  the  tricuspid  is  larger  than  the  mitral,  in  exactly 
the  same  proportion  is  the  pulmonic  larger  in  area  than  the  aortic  orifice. 
This  rule  applies,  of  course,  to  the  human  heart  only  in  its  healthy  state ; 
but  I  shall  show  that  its  application  is  of  practical  value  when  we  consider 
the  organ  in  its  diseased  state. 

I  shall  now  proceed  to  prove  that  the  law  which  I  have  deduced  from 
independent  observations  made  in  the  healthy  human  heart  is  of  far  wider 
application,  for  I  have  found  by  my  own  measurements  that  a  comparison 
of  the  areas  of  the  same  orifices  in  animals  reveals  the  same  result. 

The  following  are  the  facts  at  which  I  have  arrived  by  careful  and  re- 
peated measurements  of  the  cardiac  apertures  in  different  animals. 

The  measurements  are  individual,  and  not  mean,  and  therefore  less 
liable  to  error. 
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Hone. 

Circamfereiioe.  Area. 

Tricuspid   9*25  in.  6*8  sq.  in. 

Pulmonic 6*5  3*6 

Mitral    82  5-3 

Aortic    5-9  2-8 

Tricuspid  ^  6^  _  J .  2go 
Mitral       5*3 

Pulmonic    3*6     i  no* 
AorUc       2-8    

Difference  of  the  ratios  =  '002 

Donkey, 

Tricuspid 6*2  in.  3*06  sq.  in. 

Pulmonic 4*1  1*34 

Mitral    55  2-40 

Aortic    37  109 

Tricu8pid_3'06__,  ny 
Mitral       2-40 

Pulmonic^  ^34  __ ,  .no 
Aortic      r09     

Difference  of  the  ratios  =  '64 

Ox. 

Tricuspid 7'5  in.  4*48  sq.  in. 

Pulmonic 4-8  183 

Mitral 6-G  347 

Aortic    4-2  140 

Tricuspid  _  4^  _,  2Q 
Mitral       3*47 

Pulmonic  _  1*83  __  i  .on     • 
Aortic        1'40     

Difference  of  the  ratios  =  '01 

Calf. 

Tricuspid    5     in.  2       sq.  in. 

Pulmonic    32  -81 

Mitral    43  147 

Aortic 27  '58 
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Triciupid       2       ,.oj. 
Mitral       1*47 

Palmonic      '81     ,  -^ 

tsa as  1*4(1 

Aortic         -58     ' 

Difference  of  the  ratios  b  '(M 


Sheep. 

OirooniiSDoraiioo.  Ar6ft» 

Tricuspid 37  in.  1'09  sq.  in, 

Pulmonic 2*5  *49 

Mitral    3-2  -81 

Aortic  2-1  '35 

Tricuspid     l'09_|.o. 
Mitral   "  -81 

Pulmonic^  '^^— 1..<0 
Aortic         '35    

Difference  of  the  ratios  b3*06 


Sheep. 

Tricuspid 4*25  in.  1  *435  sq.  in. 

Pulmonic   270  '580 

Mitral    370  1-090 

Aortic    2-30  -420 

Tricuspid^  1 '435  _  i  .oi  g 
~  Mitral      r090" 

Pulmonic^    1^=1-380 
^Aortic  ^     -42    

Difference  of  the  ratios  s=  *0G4 

Piff. 

Tricuspid 3'95  in.  124  sq.  in. 

Pulmonic 2-55  .     -51 

Mitral 3*50  '97 

Aortic 2-25  -40 

T!!?^?P-!^=i!?^= 1'278 
Mitral         '97 

Pulmonic^  '^=1-275 
Aortic         '40    

Difference  of  the  ratios  »  *003 
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Pig. 

Ciroumferenoe.  Area. 

Tricuspid  3-6  in.  1*03  sq.  in. 

Pulmonic  2*5  '49 

Mitral    3*2  -81 

Aortic    2*1  -38 

Tricuapid_l'03_,.oy 
Mitral   "*  -81 

Pulmonic__  '^^  —  i.oo 
Aortic        ^  ■" 

Di£Perence  of  the  ratios  =  -02 

Bog, 

Tricuspid 3-65  in.  I'O/sq.  in. 

Pulmonic 1*9  "287 

Mitral 315  79 

Aortic 1*6  -204 

Tricuspid^  1 '07  _.|.o/« 
Mitral  ■"  -79  "" 

Pulmonic      "287     ,.^a 
Aortic         -204    

Difference  of  the  ratios  =  -04 

Dog, 

Tricuspid 2-9  in.  "69  sq.  in. 

Pulmonic 1*6  '204 

Mitral 2"5  -49 

Aortic 1«4  '156 

Tricuspid ^  ^-.i.jn 
Mitral    "^  -49 

Pulmonic^ '204  ^,.Q, 
Aortic       '156 

Difference  of  the  ratios  =  -09 

Vom  these  facts  we  may  fairly  oonclude  that  in  the  healthy  human  heart, 
most  prohably  in  the  hearts  of  most  animals^  the  areas  of  the  four 
rtures  bear  an  ex«ct  mathematical  relationship  to  each  other,  and  con- 
lently  that  if  the  areas  of  any  three  of  the  openings  be  known,  the  area 
he  fourth  orifice  can  be  correctly  calculated. 

need  scarcely  dwell  upon  the  importance  of  a  knowledge  of  this  law  in 
mating  the  amount  of  contraction  or  dilatation  of  orifice  which  a  morbid 
amen  may  present.    I  wiU,  howeveri  now  show  from  my  own  measure* 
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ments  how  this  law  was  applied^  and  how  closely  the  obsenred  and  cdcQ- 
lated  results  agreed  in  the  case  of  a  strong  healthy  man  who  died  in  the 
London  Hospital  from  the  effects  of  a  fractnred  spine.  The  heart  was 
perfectly  healthy.  I  carefully  measured  the  pulmonic^  mitral,  and  aortic 
orifices,  calculated  the  area  of  the  tricuspid,  and  then  measured  itadrcom- 
ference.  Haying  worked  out  its  area,  I  was  able  to  observe  what  difference 
existed  between  the  result  of  actual  measurement  and  the  resolt  deriyed 
from  **  the  law  of  the  orifices  "  which  I  had  discovered. 

Human  Heart. 

Circumferenoe.  Area. 

Pulmonic   3*55  in.  1*003  sq.  in. 

Mitral    4*20  1*405 

Aortic    3'10  '765 

Now,  by  the  law  of  the  orifices, 

Area  of  tricuspid^  Area  of  pulmonic  _ 
Area  of  mitral         Area  of  aortic    * 

.\  area  of  tricuspid^  1  -405  X  i-?5| 

=  1*972. 
By  measurement, — 

Circumference.  Area. 

Tricuspid=5*l  in.  2'070  sq.  in. 

Area  of  tricuspid  by  measurement=2*070  sq.  in. 
Area  of  tricuspid  by  calculation     =  1  *9 72 

Difference  between  calculated  and 

observed  results =  '098 

The  calculated  and  observed  results  differ  so  little  from  each  other,  that 
this  case  evidently  strongly  corroborates  the  correctness  of  the  law  which  I 
believe  regulates  the  relative  magnitude  of  the  areas  of  the  four  cardiac 
openings. 

If,  moreover,  we  scrutinize  the  measurements,  we  shall  observe  an 
equally  important  fact,  that  the  ratio  of  the  areas  of  any  two  corresponding 
orifices  is  almost  constant  in  the  same,  and,  I  may  almost  add,  in  all 
animals,  man  included. 

Thus  the  area  of  the  tricuspid  is  nearly  1*3  times  the  area  of  the  mitral 
orifice,  and  the  area  of  the  pulmonic  of  course  bears  the  same  proportion 
to  that  of  the  aortic  opening.  By  measuring,  therefoi;e,  the  two  orifices  of 
the  right  (supposed  healthy),  we  are  enabled  by  this  law  to  deduce  ap- 
proximately the  magnitude  of  the  areas  of  those  of  the  left  heart,  and 
vice  versd.  One  healthy  orifice  being  known,  the  area  of  the  corresponding 
opening  in  the  other  side  of  the  heart  can  be  approximately  calculated ; 
and  should  the  latter  be  diseased,  its  deviation  from  the  normal  area  can  be 
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determined,  and  the  amount  of  abnormal  contraction  or  dilatation  fairly 
estimated. 

To  illoatrate  the  yalue  of  this  approximative  law,  I  vrill  exemplify,  in  a 
case  of  mitral  constriction  detailed  by  Dr.  Walshe  (Diseases  of  the  Heart 
p.  373),  the  mode  in  which  the  amount  of  constriction  maybe  calculated. 

Mitral  Constriction, 

Circumferenoe.  Area. 

Tricuspid 4|=4*875  in.  1*9  sq.  in. 

Pulmonic .4=3-125  ^77 

Mitral l|=l-875  -28 

Aortic 2f  =2-375  MS 


T'?CHP'^=1:L  =  7  nearly 
mriT^^l .oa     ^'  neany. 


Mitral         -28 

Pulmonic      '77     ,  -         i 
-  .  ^.     =  -Tr:=l  7,  nearly. 
Aortic         '45  -^ 

Hence  the  tricuspid  (by  reason  of  the  extreme  narrowing  of  the  nutral 
opening)  is  seyen  times  larger  in  area  than  the  latter  orifice,  in  place  of 
being  only  1*3  to  1*4  times  larger  in  area.  If  we  suppose  the  tricuspid  to 
be  nearly  normal,  then  as 

Area  of  tricuspid  _  ^.3^  ^^.    . 
Area  of  mitral 

.-.  area  of  mitral  (healthy)  =  area  of  tricuspid 

«  — r  =  1-45  sq.  in. 
1-3  ^ 

Hence  the  amount  of  the  contraction  of 

the  mitral  orifice  =  1  -45,  the  normal  size 

—    *28,  its  actual  size. 

=  1*17  sq.  in. 

*'The  diseased  aperture  just  admitted  the  end  of  the  index  figure ;  its 
edge  was  rugose,  and  the  yalve  was  funnel-shaped  towards  the  ventricle. 
The  left  aaride  was  much  hypertrophied,  its  walls  in  some  parts  being  ^ 
ineh  in  thickness,  and  its  endocardium  creaked  on  being  touched."  The 
pulmonic  is  eiddently  large  in  proportion  to  the  aortic  opening  (the  ratio 
bciiig  1*7  instead  of  1-3  to  1-4)  ;  and  there  was  no  doubt  considerable  hy- 
pertrophy and  dilatation  of  the  right  ventricle.  The  increase  in  the  area 
of  the  pulmonic  aperture  was  the  direct  result  of  this  condition  of  the  right 
ride  of  the  heart.  The  tricuspid  was  also  probably  somewhat  dilated,  as 
the  **yalye8  looked  insufficient  to  fill  the  widened  orifice,"  and  the  jugular 
tous  appeared  during  life  to  be  swollen  and  pulsatory ;  but  the  absolute 
mat  of  the  tricuspid  shows  that  the  dilatation  was  not  excessive.  The 
area  of  the  aortic  opening  appears  to  be  below  the  mean  amount.    Was 

▼OIm  XYin.  Y 
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this  the  result  of  the  small  supply  of  blood  which  the  left  naatnAt  reecifed 
and  impelled  mto  the  general  system?  In  any  case  a  knowledge  of  the 
existence  of  this  law  enables  us  to  read  the  measorementa  of  the  orifieea 
and  their  respective  ratios  with  increased  interest. 

It  would  be  interesting  to  pursue  the  application  of  this  law  in  the  ttudy 
of  the  Tarious  forms  of  Talyular  disease.  I  purpose^  howeyer«  to  retoni  to 
this  subject  at  the  end  of  this  paper,  and  shall  seek  now  to  trace  out  the 
reasons  why  the  four  orifices  present  such  differences  in  the  maguitade  of 
their  areas. 

And  as  the  foundations  of  our  arguments  we  must  admit  the  truth  of  the 
two  following  propositions : — 

1st.  That  the  ventricles  and  auricles  act  exactly  synchronously  respec- 
tively; and  2ndly,  that  equal  volumes  of  blood  pass  in  exactly  equal  and 
the  same  times  respectively  through  any  two  corresponding  orifices  of  the 
healthy  heart. 

1.  ''If  we  examine/'  says  M.  Marey  "  the  lines  traced  by  the  right  and 
left  ventricles,  we  find  a  most  perfect  synchronism  in  the  respeotiye  oom- 
mencements  and  terminations  of  their  contraction." 

*'  The  examination  also  of  a  heart  exposed  during  life  confirma  tha 
deduction  ;  for  if  we  grasp  the  auricles  or  the  ventricles,  we  cannot  deteet 
the  smallest  interval  between  the  contractions  of  parallel  cavities." 

Again.  Stethoscopic  examination  of  the  heart  demonstrates  the  existence 
of  only  one  first  sound  and  of  only  one  second  sound,  although  the  causes 
produciug  each  of  those  sounds  are  twofold,  inasmuch  as  they  really  reside 
in  two  (right  and  left  hearts),  placed  in  close  and  intimate  apposition  to 
one  another.  Under  rare  circumstances  the  sound  which  results  fh>m  the 
closure  of  the  semilunar  valves  has  been  found  reduplicated ;  but  altliough 
such  an  event  may  occur  from  the  non-synchronous  fall  of  the  yalves,  it  is 
clear  that  an  unimpeded  and  uninterrupted  circulation  could  not  be  main- 
tained unless  the  two  sides  of  the  heart,  or  really  the  two  hearts,  contracted 
and  dilated  exactly  synchronously.  Whether  the  organ  acts  violently  or 
feebly,  with  regularity  or  intermittently,  the  auscultator  detects  but  two 
sounds ;  and  even  when  its  valves  are  diseased,  its  orifices  irremediably 
altered  in  diameter,  and  its  muscular  walls  hypertrophied  or  atrophied,  we 
find  the  same  law  of  synchronism  presiding  over  the  heart  and  its  soundib 
normal  or  abnormal. 

Lastly*  An  examination  by  dissection  of  the  fibres  which  compose  the 
walls  of  the  ventricles,  conclusively  proves  that  these  chambers  must  inevi- 
tably act  exactly  synchronously.  In  Dr.  Pettigrew's  masterly  account  of 
the  arrangement  of  the  muscular  fibres  in  the  ventricles  of  vertebrate  ani- 
mals, we  find  the  following  remarks  made  upon  this  point : — ''  The  fibres 
of  the  right  and  left  ventricles  anteriorly  and  septally  are  to  a  certain  extent 
independent  of  each  other  ;  whereas  posteriorly  many  of  them  are  common 
to  both  ventricles ;  i.  e.  the  fibres  pass  Jrom  the  one  ventricle  to  the  other** 
The  drawings  49  and  50  in  the  memoir  clearly  prove  how  ''  the  common 
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fibres  pass  from  the  left  to  the  right  Tentricle  and  dip  in  or  bend  at  the 
track  of  the  anterior  coronary  artery  to  become  continuous  with  fibres 
having  a  similar  direction  in  the  septum  ***. 

2.  In  the  next  place,  it  must  be  admitted  that  equal  volumes  of  blood 
pass  in  exactly  equal  and  the  same  times  through  any  two  corresponding 
orifices  of  the  heart ;  for  if,  for  example,  we  could  suppose  the  quantity 
tlirown  out  through  the  pulmonic  orifice  into  the  lungs  to  be  persistently 
greater  than  the  amount  thrown  out  in  the  same  time  through  the  aortic 
opening  into  the  general  circulation,  it  would  inevitably  follow  that  over- 
whekning  pulmonary  engorgement,  cessation  of  fiow  from  the  right  heart, 
and  death  would  rapidly  ensue.  The  alternative  supposition  of  the  right 
ventricle  persistently  discharging  into  the  lung-capillaries  an  amount  of 
blood  actually  less  than  the  quantity  as  persistently  set  forth  by  the  left 
yentride  into  the  systemic  circulation,  involves  a  physical  contradiction  un- 
necessary to  refute.  Whatever,  therefore,  may  be  the  actual  capacities  of 
the  ventricles,  or  the  quantities  which  under  pressure  they  may  be  made  to 
contain,  this  law  must  be  always  paramount  to  enable  the  healthy  heart  to 
act  freely  and  without  the  production  of  a  congested  or  overloaded  condition 
of  the  pulmonic  or  systemic  circulations  ;  the  quantities  of  blood  entering 
the  ventricles  synchronously  must  be  equals  and  the  quantities  leaving  them 
synchronously  must  also  be  equal ;  and  to  prevent  the  occurrence  or  pro- 
duction of  cardiac  congestion  the  quantity  of  blood  received  by  the  ventricles 
in  diastole  must  equal  the  quantity  expelled  by  the  ventricles  in  systole, 
■mall  deviations  being  allowed  within  certain  limits  of  health.  We  shall  see 
the  bearing  of  these  latter  remarks  when  we  consider  the  mode  in  which 
hearts  much  diseased  in  their  orifices  and  valvular  apparatus  are  often 
enabled  to  carry  on  a  tolerably  unembarrassed  circulation,  and  with  but 
little  functional  disturbance  experienced  by  the  individual  so  circumstanced. 

The  anatomy  of  the  organ  fully  corroborates  the  principle  we  are  seeking 
to  establish ;  for  we  are  told  that  "  the  capacities  of  the  ventricles  are  pro- 
bably equal "  (Cruveilhier) ;  and  again,  '*  there  are  reasons  for  believing 
that  during  life  any  difference  between  the  capacities  of  the  ventricles  is 
Tery  trifling,  if  it  exist  at  all  "f . 

And  lastly,  "  the  whole,  or  very  nearly  the  whole  of  the  blood  contained 
in  the  ventricles  is  discharged  from  them  at  each  systole ;  for  the  left  ven- 
tricle is  frequently  found  quite  empty  after  death ;  and  if  a  transverse 
section  be  made  through  the  heart  in  a  state  of  well-marked  rigor  mortis 
(which  may  be  considered  as  representing  its  ordinary  state  of  complete 
contraction),  the  ventricular  cavity  is  found  to  be  completely  obliterated." 

From  these  considerations  we  may,  I  believe,  fairly  assume  that 


(l\    i  ^(f^  times  of  ventricular  contraction, 
I  Equal  times  of  ventricular  dilatation. 


•  Phil.  Trans,  part  3, 18(J4. 

t  QuaSn's  <  Anatomy/  hy  Dr.  Bharpeji  vol.  iii.  p.  255. 
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.^N    r  Eqnal  Of  almost  eqiial  Tdiimef  of  Uood  reeemd  in  diaetoh^ 
lEqiialoralmo8teq;uAlToInQieiof  bkN>dexpdIedmi(frto^ 
(3)  Equal  or  almoit  equal  capacitiei  of  ▼entrides, 

are  the  maiu  characteristica  of  a  heart  which  ia  normal  in  itmetare  and 

perfect  in  function. 

(1)  In  employing  the  words  equal  times  with  referenoe  to  the  periods 
respectively  occupied  by  the  contraction  and  dfflatation  of  the  ventricles,  I 
would  wish  to  refer  for  a  moment  to  the  statements  made  bj  onr  leading 
authorities  as  to  the  ayerage  duration  of  the  systole  and  diastole  of  the 
healthy  heart. 

Dr.  Carpenter  states  that  the  Tentricular  contraction  occupies  f  and  the 
Tentricular  dilatation  f  of  the  time  which  elapses  between  two  conseentive 
beats  of  the  pulse.  Dr.  Walshe  informs  us  that  the  time  from  the  eommenee- 
ment  of  the  first  to  the  b^;inniog  of  the  second  sound  is,  on  an  average^  one 
half  of  the  time  from  pulse  to  pulse.  Dr.  Burden  Sanderson,  in  hie  Hand- 
book of  the  Sphygmograph,  says,  *'  There  are  several  fiicts  not  di£Eumlt  of  ob- 
servation which  show  that  the  time  occupied  by  the  heart  in  contracting 
is  very  much  shorter  than  is  commonly  supposed*  The  first  sound  being 
synchronous  with  the  commencement  of  the  contraction  of  the  ventiides 
and  the  closure  of  the  mitral  valve,  and  the  second  with  the  dosnre  of  the 
aortic  valves^  it  is  clear  that  the  interval  between  these  two  events  expresses 
the  duration  of  the  contraction  of  the  heart.  Now  the  most  unpractised 
auscultator  can  readily  satisfy  himself,  while  listening  to  the  sounds  of  a 
heart  contracting  sixty  times  in  a  minute,  that  the  time  between  the  first 
and  second  sounds  is  not  equal  to  that  which  separates  the  second  from 
the  first ;  and  that  it  cannot  be  admitted  for  a  moment  (as  stated  in  our 
leading  physiological  text  books)  that  a  heart  occupies  half  of  a  second  in 
contracting." 

This  statement  is  borne  out  in  the  last  edition  of  Kirkes's  *  Physiology,' 
edited  by  Morraut  Baker,  in  which  the  periods  of  ventricular  contraction 
and  dilatation  are  considered  to  be  in  the  ratio  of  4  to  7.  Chauveau's  ex- 
periments on  the  living  horse  and  the  sphygmographic  tracings  of  the 
radial  pulse  in  man,  clearly  indicate  that  the  times  of  ventricular  contraction 
and  dilatation  are  very  different  in  duration ;  and  the  inferences  which  are 
deducible  from  the  study  of  the  comparative  areas  of  the  four  orifices  will 
fully  substantiate  the  statement  that  the  systole  of  the  ventricles  "  is  a 
much  shorter  proceeding  than  is  usually  supposed." 

(2)  And  again,  with  regard  to  the  words  f*  equal  volumes  of  blood ''  used 
above,  I  need  scarcely  remark  that  the  same  volume  (quantity,  ounces, 
cubic  inches)  of  blood  is  not  persistently  and  at  all  times  received  by  and 
thrown  out  of  the  heart  at  every  complete  revolution  of  the  organ.  The 
reverse  is,  in  fact,  nearer  the  truth ;  for  the  ventricles  (though  of  course 
always  full  from  the  impossibility  of  a  vacuum  existing  in  their  interior) 
vary  considerably  from  time  to  time  in  their  degree  of  fulness  and  expan- 
sion.   In  profound  sleep,  or  in  the  perfect  rest  and  muscular  relaxation  of 
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the  recumbent  postare^  the  flow  of  blood  through  the  heart  is  entirely  and 
Bolelj  under  the  control  of  the  heart  itself  (some  allowance  being  made  for 
the  effects  of  the  respiratory  movements  which  "  act  on  the  whole  advan- 
tageously to  the  circulation  "),  the  right  being  filled  by  the  contractile 
energy  of  the  left  side  of  the  organ.  In  our  waking  moments,  however, 
during  exertion,  every  movement  of  the  body  tends  to  force  the  blood  in 
the  veins  in  an  onward  course  towards  the  right  chambers  of  the  heart, 
which  would  become  gorged  from  over-distension  did  not  the  healthy  right 
ventricle  assume  corresponding  energy  and  force  and  expel  the  blood  with 
increased  rapidity  into  the  capillaries  of  the  lungs.  An  increase  in  the 
number  and  depth  of  the  respiratory  movements  ensues,  accelerating  the 
passage  of  the  blood  through  the  lungs  to  the  left  side  of  the  heart,  which, 
by  an  instinctively  increased  reaction  upon  its  contents,  propels  the  blood 
forcibly  into  the  systemic  circulation.  The  so-called  vital  capillary  force 
or  interaction  between  blood  and  tissue  may  assist  in  forwarding  the  current, 
bat  its  amoimt  is  evidently  excessively  small  in  comparison  with  the  enor- 
mous contractile  energy  of  the  two  ventricles.  Violent  and  sudden  exertion 
may  for  a  short  time  disturb  the  balance  between  the  two  hearts  (the  cavae 
and  right  auricle  in  one  side,  and  the  pulmonary  vessels  and  left  auricle  in 
the  other  side  being,  for  a  time,  the  safety  reservoirs  or  receptacula  of  the 
blood  waiting  to  be  forwarded)  ;  but  with  bodily  rest  equilibrium  becomes 
rapidly  reestablished,  and  equal  volumes  of  blood  are  again  poured  forth 
in  equal  and  the  same  times  ^om  the  two  ventricles  of  the  heart. 

Returning  from  this  digression  to  the  immediate  subject  of  this  paper, 
we  have  to  consider  the  cause  of  the  differences  in  the  areas  of  the  four 
principal  orifices  of  the  heart. 

The  right  and  left  sides  of  that  organ  are,  to  all  intents  and  purposes, 
two  distinct  and  perfect  hearts,  discharging  individually  their  own  proper 
functions,  but  associated  in  one  conmion  interest  by  certain  bands  of  mus- 
ctdar  fibres  and  intercommunicating  nerve-ganglia.  Now  if  these  two 
hearts  had  exactly  equal  tasks  to  perform  and  were  simply  designed  to  pro- 
pel the  contents  of  their  ventricles  to  equal  distances  and  with  equal  velo- 
cities, if,  in  a  word,  they  had  been  intended  to  overcome  equal  obstacles 
in  the  pulmonic  and  systemic  circulations  respectively,  their  walls  would 
have  been  undoubtedly  constructed  of  equal  thickness,  and  the  corresponding 
orifices  of  the  two  sides  would  have  been  of  equal  areas,  the  tricuspid  being 
equal  to  the  mitral  and  the  pulmonic  to  the  aortic  aperture.  But  as  the 
left  ventricle  has  to  propel  the  blood  to  far  greater  distances,  and  to  over- 
come obstacles  much  greater  than  those  found  in  the  pulmonic  circulation, 
the  velocity  and  force  of  the  stream  sent  from  the  left  must  be  evidently 
greater  than  the  velocity  and  force  of  the  blood  thrown  out  by  the  right 
Tentride.  To  secure  this  result,  I  need  scarcely  say  that  the  left  is  ren- 
dered considerably  thicker  and  stronger  than  the  right  ventricle  by  the 
greater  development  of  its  walls ;  but  here  we  must  bear  in  mind  the  car- 
dmalfaet  (the  key  to  the  entire  question)  that«  whatever  be  the  velocity 


278  Dr.  Herbert  Davies  on  the  Areoi  of  the  [Mar.  17 

and  force  of  the  streams  issuing  from  the  two  yentricks*  the  futmiiiUt  of 
blood  expelled  by  the  synchronous  contraction  of  the  two  chambers  most 
be  exactly  the  same,  or  else  accumulation  in  the  pulmonic  or  syatemio  sys- 
tems would  ensue,  and  the  machine  be  brought  to  a  standstill. 

As,  therefore,  the  two  ventricles  contracting  with  unequal /wxet  have  to 
expel  equal  quantities  of  blood  in  equal  and  the  same  time  to  unequal  di§' 
tances  aud  to  overcome  unequal  reeistancee,  the  perfect  synchronism  of 
the  ventricular  contractions  can  be  only  obtained  by  an  exaot  graduation  of 
the  areas  of  the  orifices  of  the  aortic  and  pulmonary  artery  to  the  muscular 
forces  respectively  impressed  upon  the  contents  of  the  two  Tentrides  in 
systole,  aud  consequently  to  the  velocities  of  the  streams  issuing  from  those 
chambers.    The  area  of  the  aortic  must  be  therefore  smaUer  than  the  area 
of  the  pulmonic,  and  in  such  proportion  that  the  normal  average  contents 
(say,  three  ounces)  of  the  left  ventricle  shall  occupy  exactly  the  same  time 
in  passing  through  the  aortic  as  is  required  by  the  three  ounces  of  the 
right  ventricle  in  passing  through  the  pulmonic  opening.     The  greater 
muscular  power  of  the  left,  as  compared  with  that  of  the  right  ventricle, 
causes  a  corresponding  greater  velocity  and  force  of  the  column  of  blood 
issuing  from  its  outlet,  whQe  the  smaller  area  of  the  aortic,  as  compared 
with  that  of  the  pulmonic  opening,  exactly  equalizes  the  times  occupied  by 
the  contractions  of  the  two  chambers.    Without  such  an  arrangement  in 
the  comparative  areas  of  the  two  outlets,  it  is  clear  that  the  stronger  lefk 
would  completely  empty  itself  before  the  right  ventricle  had  accomplished 
the  same  function,  and  the  synchronous  action  of  the  two  hearts  would 
ho  thus  rendered  impossible.     Equal  quantities  of  blood  are,  however,  in 
the  way  described,  made  to  pass  exactly  synchronously  through  the  aortic 
and  pulmonic  openings,  but  with,  of  course,  unequal  velocities,  the  blood- 
particles  which  traverse  the  narrow  aortic  travelling  with  greater  speed  than 
those  which  pass  through  the  larger  pulmonic  orifice.     Mathematically 
expressed,  the  velocities  of  the  streams  through  the  orifices  are  inversely  ai 
the  areas  of  those  orifices,  or 

velocity  through  aortic  opening    ^area  of  pulmonic  opening 
velocity  through  pulmonic  opening       area  of  aortic  opening 

And  if  we  assume  the  mean  measurements  of  the  orifices  found  in  the 
former  part  of  this  paper  to  be  correct, 

the  velocity  through  1        1  sq.  inch  ,    .      ,         i       i        . 

aortic  opening      J  =  TBlqnHdi  ><  ^^^"'''^y  ^''^"S^  P'^""™^  «P"''^8 

=  1  '3  time  the  velocity  through  pulmonic  opening 
=  1^  time  the  velocity  through  pulmonic  opening, 

or,  in  other  words,  the  velocities  of  the  currents  through  the  aortio  and 
pulmonic  orifices  are  in  the  ratio  of  4  to  3. 

The  arguments  which  I  have  advanced  respecting  the  aortic  and  pulmonic 
will  bo  eqiially  applicable  to  the  tricuspid  and  mitral  openings ;  for : — 

1st,  The  two  ventricles  are  exactly  synchronous  in  their  diastole,  re- 
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oeiTing  their  respective  charges  of  blood  from  the  auricles  in  exactly  equal 
and  the  same  times. 

2nd.  Equal  Tolumes  of  blood  enter  the  two  ventricles  during  their  dia- 
stole, or  else  accumulation  and  stagnation  would  ensue :  I  am  speaking 
here  of  healthy  ventricles. 

drd.  The  ventricles  are  of  equal  capacities ;  but 

4th.  As  the  currents  which  traverse  the  tricuspid  and  mitral  orifices  are 
of  unequal  velocities,  the  areas  of  those  openings  must  be  of  such  magni- 
tudes that  equal  volumes  of  blood  must  pass  through  them  in  exactly  equal 
and  the  same  times.  The  tricuspid  having  a  slower  velocity  than  the 
mitral  current,  will  necessitate  the  area  of  the  tricuspid  being  proportion- 
ally larger  than  the  area  of  the  mitral  orifice.  In  a  word,  the  synchronous 
dilatation  of  chambers]  admitting  equal  volumes  of  blood  must  entail  such 
a  relation  of  area  between  the  two  inlets  that 

the  velocity  through  tricuspid        area  of  mitral 
the  velocity  through  mitral        area  of  tricuspid  * 

And  if  we  assume  the  measurements  previously  found  to  be  correct, 

1*25 
the  velocity  through  tricuspid  =7775  velocity  through  mitral, 

=f  velocity  through  mitral, 

t*  e*  the  velocities  of  the  currents  of  blood  in  diastole  through  the  tri- 
cuspid and  mitral  orifices  are  in  the  ratio  of  5  to  7. 

It  may  be  fairly  asked  what  proofs  can  be  given  that  the  velocities  of 
the  currents  of  blood  which  traverse  the  tricuspid  and  mitral  orifices  are 
unequal,  and  that  the  mitral  incoming  stream  possesses  a  stronger  ventri- 
cular dilating  power  than  the  current  which  enters  the  tricuspid  to  expand 
and  fill  the  right  ventricle.  I  shall  refer  to  this  point  shortly  ;  bat  what- 
ever may  be  the  value  of  the  reasons  which  will  be  adduced  in  support  of 
the  above  view,  there  can  be  no  doubt,  in/act,  that  the  two  orifices  in 
healthy  hearts  always  differ  in  size,  and  the  synchronous  expansion  of  ven- 
tricles with  unequal  inlets  must  inevitably  lead  to  this  result — that  the 
hffger  must  admit  a  current  of  correspondingly  smaller  velocity  than  that 
which  traverses  the  smaller  opening ;  or,  mathematically  expressed,  the 
▼elodties  of  the  incoming  tricuspid  and  mitral  streams  must  be  inversely  as 
the  areas  of  the  orifices. 

From  the  data  at  which  we  have  arrived,  and  estimating  the  mean 
amount  of  the  ventricular  contents  at  three  ounces  (or  five  cubic  inches, 
nearly)^  although  it  must  be  confessed  that  this  is  an  uncertain  esti- 
mate, we  may  readily  calculate  the  average  velocities  of  the  currents 
which  traverse  the  four  orifices.  We  shall  consider  the  pulse  to  beat  at 
the  rate  of  70  per  minute,  and  the  periods  of  ventricular  contraction  and 
dHatadon  to  be  in  the  ratio  of  1  to  2,  t.  e.  the  ventricular  contraction  oc- 
Maying  one-third  of  the  time  between  two  pulses ;  i.  e. 

«|0f  T^(y'=:-j|^'. 
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1.  Aortic  Orifice. 

Tolmne  expelled  in -jW 
Velocity  through  aortic  onfice  »    area  of  aortic  oiiitee 

__5  cub.  inches   •      ii 

*/d  sq.  in* 
ss23*l  inches  in  one  second 
ss2dl0  yards  per  hour. 

2.  Pulmonic  Orifice. 

Velocity  through  pulmonic  orifice  «=^  velocity  through  aortic  opeobg 

» 1 7*3  inches  in  one  second 
el 725  yards  per  hour. 

3.  Tricuspid  Orifice. 

5  cub.  inches 
Velocity  through  tricuspid=  1.75  gq,  '^^ 

=.i^  inch  m  y^  1' 

=5  inches  in  one  second 
^500  yards  per  hour. 

4.  Mitral  Orifice. 

Velocity  through  mitral =^  velocity  through  tricuspid 

=r  7  inches  in  one  second 
=700  yards  per  hour. 

The  mean  velocities  of  the  currents  of  blood  traversing  a  healthy  heart, 
with  the  dimensions  of  the  areas  as  given  above,  are  as  follows : — 

Aortic  = 

Pulmonic  = 

Mitral  = 

Tricuspid  = 

In  such  a  heart  we  see,  therefore,  that  the  blood  enters  the  tricuspid 
orifice  at  the  rate  of  nearly  \  mile  per  hour,  and  leaves  it  through  the 
aortic  orifice  at  the  rate  of  nearly  1|  mile  per  hour;  and  that  the  ve- 
locity, therefore,  of  the  tricuspid  incoming  current  is  only  one-fiflh  of 
the  velocity  of  the  stream  which  passes  through  the  aortic  orifice. 

Without  entering  into  arithmetical  details,  such  a  result  as  the  above 
is  easily  arrived  at  when  we  bear  in  mind  the  facts  that  the  same  quan- 
tity of  blood  passes  through  the  two  openings,  but  that  while  the  tri- 
cuspid is,  according  to  Dr.  Peacock,  2|,  and  according  to  Dr.  Beid 
nearly  three  times  larger  than  the  aortic  orifice,  the  flow  of  the  three 
ounces  through  the   former  occupies  nesrly  twice  the  time  required  by 
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the  passage  of  the  same  quantity  of  blood  through  the  hitter  opening.  The 
tricuspid  is  nearly  three  times  larger  than  the  aortic  aperture,  and  is 
open  for  the  transmission  of  the  same  volume  of  blood  more  than  double 
the  length  of  time  occupied  by  the  latter  opening.  Hence  the  comparative 
slowness  of  the  incoming  tricuspid  current. 

These  speculations  upon  the  absolute  and  relative  velocities  of  the 
currents  of  blood  through  the  heart  are  not  without  practical  value,  in* 
asmuch  as  they  have  a  direct  bearing  upon  the  question  of  the  amount 
of  pressure  exerted  by  that  fluid  in  each  chamber  of  the  organ,  and  are 
links  in  the  chain  of  reasoning  respecting  the  comparative  areas  of  the 
four  orifices.  The  first-recorded  experiments  to  determine  this  pressure 
were  made  by  Dr.  Stephen  Hales,  F.R.S.,  and  were  published  by  him  in 
his  *  Statical  Essays '  in  1732.  Thus,  when  tubes  were  fixed  into  the  cru- 
ral artery  and  jugular  vein  of  different  animals,  the  heights  to  which  the 
blood  rose  were  found  to  be  as  follows : — 

Artery.  Vein. 

Horse    114  inches.  1 2  inches. 

Sheep    77 \  ^\ 

Dog 48  a\ 

These  experiments  were,  of  course,  rather  roughly  made  and  without 
modem  appliances ;  but  they  serve  to  show  that  the  pressure  of  the  blood 
in  the  jugular  vein  is  only  one-ninth  to  one-fourteenth  of  the  pressure  observed 
in  the  arterial  side  of  the  circulation.  Yalentm,  by  means  of  the  hsemady- 
namometer,  estimated  the  pressure  in  the  jugular  vein  to  be  one-tenth  to  one- 
twelfth  of  the  pressure  in  the  carotid  artery,  and  ''in  the  upper  part  of  the 
inferior  vena  cava  could  scarcely  detect  the  existence  of  any  pressure, 
nearly  the  whole  force  from  the  heart  having  been  apparently  consumed 
during  the  passage  of  the  blood  through  the  capillaries"  (Kirkes  and 
Paget). 

It  is  thus  sufficiently  clear,  experimentally,  that  the  velocity  and  mo- 
mentum of  the  blood  which  enters  the  right  auricle  and  finds  its  way  into 
the  right  ventricle  must  be  very  small  in  comparison  with  the  rapidity  and 
momentum  of  the  current  issuing  from  the  left  ventricle ;  and  we  can 
therefor^  from  this  fact,  understand  that  the  tricuspid  is  constructed  of 
much  greater  area  than  the  aortic  opening,  in  order  that  its  much  larger 
onfice  may  compensate  for  the  comparatively  sluggish  stream  which  it  has 
to  transmit.  It  is  evident  enough  why  the  blood  which  has  returned  to 
the  right  heart  possesses  so  small  an  amount  of  velocity  and  momentum. 
In  its  passage  through  the  systemic  circulation  it  has  encountered  and 
overoome  an  amount  of  obstruction  which,  by  the  time  it  has  arrived  in 
the  rif^t  auricle*  has  deprived  it  of  the  greater  portion  of  the  velocity  and 
momentum  which  it  had  derived  from  the  contractile  energy  of  the  left 
Teotride*  assisted,  as  that  power  has  been,  by  the  muscular  pressure  on 
the  Teina  of  the  body.    The  columns  of  blood  from  the  superior  and  infe- 
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rior  TensB  cayn  enter  the  auricle,  therefore^  dowlj,  and  wiih  miall  fino^ 
but  with  an  amount  of  velocity  and  momentum  exactly  adapted  to  and  aii£- 
ficient  for  the  expansion  of  the  right  yentricle.  It  cannot  be  for  one  mo- 
ment maintained  that  the  right  is  weaker  than  the  left  heart  in  proportion 
to  the  work  to  be  done  by  the  respectiye  iides^  for  each  organ  ia  exactly 
adapted  to  the  task  which  it  has  to  perform,  and  the  perfection  of  the  me- 
chanism is  as  manifest  in  one  as  in  the  other  side  of  the  heart.  The  right 
side  is  undoubtedly  exposed  to  sudden  and  great  variations  in  the  amount 
of  blood-pressure  to  which  it  is  from  time  to  time  subjected ;  but  tfaers 
can  be  no  reason  for  believing  that  provision  has  not  been  made  for  such 
variations  within  due  limits.  In  fact  daily  experience' shows  us  how  the 
right  side  will  maintain  its  vigour  unimpaired,  although  severely  and  often 
tried  by  the  alterations  in  the  blood-pressure  resulting  from  rapid  walkings 
running,  pulling  at  the  oar,  and  the  usual  athletic  exercises.  The  slowness 
of  the  current  which  returns  to  the  right  side,  the  large  area  of  the  tri- 
cuspid orifice,  and  the  comparatively  long  period  of  time  during  which  the 
ventricle  is  open  to  receive  its  contents,  evidently  confirm  the  view  that 
the  right  ventricle  offers  but  little  resistance  to  the  incoming  current,  and 
that  a  stream  of  small  velocity  and  energy  is  amply  sufficient  to  fill 
and  complete  the  expansion  of  that  chamber.  The  force  which  ia  exerted 
by  the  contraction  of  the  auricle  is  small,  and  in  operation  for  a  short 
period  of  time  Q  to  -fjj  of  a  minute),  and  is  chiefly  of  use,  I  beheve,  in 
completing  the  closure  of  the  tricuspid  valve  in  the  manner  described  by 
Baumgartner,  Valentin,  and  Halford.  It  must  be  abo  borne  in  mind  that 
the  particles  of  the  blood-stream  which  have  entered  the  tricuspid  orifice 
in  a  direction  nearly  at  right  angles  to  the  axis  of  the  pulmonary  artery 
must,  when  the  ventricle  has  become  filled,  change  their  direction  of  motion 
to  find  their  way  in  systole  out  of  the  ventricle.  At  the  end,  therefore^ 
of  the  diastole  I  imagine  that  the  whole  of  the  contents  of  the  ventricle 
is  at  rest  (momentarily,  but  not  less  really  so),  and  ready  to  take  up  a 
new  movement  in  a  course  nearly  at  right  angles  to  its  line  of  entrance 
from  the  auricle.  If  this  view,  which  has  escaped  the  attention  of  phy- 
siologists, be  correct,  we  observe  an  additional  reason  for  the  blood  which 
enters  the  ventricle  possessing  an  amount  of  velocity  and  energy  just 
sufficient,  and  no  more,  to  complete  the  dilatation  of  the  chamber,  and 
having  performed  its  task,  to  assume  for  a  moment  an  attitude  of  re- 
pose before  the  contraction  of  the  ventricle  sends  it  forth  in  a  different 
direction.  All  force  in  the  human  body  is  economized,  the  means  is  strictly 
adapted  to  the  eud :  the  left  ventricle  puts  forth  power  sufficient  to  carry 
the  blood  through  the  systemic  capillaries  to  the  right  side  of  the  heart ; 
the  blood  enters  the  right  auricle  with  an  amount  of  pressure  sufficient, 
with  the  aid  of  the  auricular  contraction,  to  fill  the  ventricle,  and  should 
any  excess  of  momentum  exist,  it  is  probably  annihilated  by  the  incoming 
current  meeting  the  dense  interlacement  of  the  fibres  of  the  columnse  camett 
which  form  such  prominent  parts  of  the  intenor  of  both  ventricles.    It  is 
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interesting  to  observe  that  this  interlacement  is  most  dense  near  the  apez^ 
where  the  incoming  current  impinges  with  greatest  force,  and  where  the 
excess  of  momentum  of  the  blood  can  be  easier  annihilated  before  it 
ehanges  its  direction  of  motion  to  escape  in  systole  from  the  chamber.  The 
remarks  which  belong  to  the  right  are  equally  applicable  to  the  left  ven- 
tricle, and  lead  to  the  conclusion  that  the  current  entering  through  the 
mitral  orifice,  as  soon  as  the  chamber  is  filled,  loses  its  motion  for  a  mo- 
ment before  the  contractile  force  of  the  ventricle  launches  it  forth  in  a 
totally  different  direction  through  the  aortic  opening  into  the  systemic  cir- 
culation. 

I  will  now  return  to  the  statement  which  I  had  left  unproved,  that  the 
velocities  of  the  synchronous  tricuspid  and  mitral  currents  are  unequal,  and 
that  the  latter  possesses  a  stronger  ventricle-dilating  power  than  the  former. 

The  argument  to  establish  this  point  is  very  brief. 

The  two  ventricles  being  of  unequal  thickuess  and  containing  conse- 
quentiy  unequal  quantities  and  weights  of  muscular  fibre,  will  necessarily 
require  currents  of  blood  of  unequal  momenta  to  overcome  their  respec- 
tive inertia^  fill  their  chambers,  and  complete  their  dilatation  in  exactly 
equal  and  the  same  times.    That  is, 

the  momentum  of  the  mitral  is  greater  than  the  momentum  of  the  tri- 
cuspid current ; 

or,  in  other  words, 

the  volume  of  the  mitral  column  multiplied  by  its  velocity  U  greater  than 
the  volume  of  the  tricuspid  column  multiplied  by  its  velocity  ; 

))iit  the  volume  of  each  current  it  the  same ;  hence,  eliminating  volume 
^ftom  each  side  of  the  above,  it  is  evident  that 

the  velocity  of  the  mitral  is  greater  than  the  velocity  of  the  tricuspid 

current,  the  conclusion  which  was  to  be  demonstrated*. 
In  concluding  this  paper,  I  would  very  briefly  recapitulate  the  conclu- 
sions at  which  I  have  arrived.     I  have  proved,  from  the  measurements 
^f  the  orifices  made  by  Drs.  Peacock  and  Reid,  that  the  areas  of  the  open- 
ings in  man  are  subject  to  a  constant  law,  summarily  expressed  thus : — 

T  _.P 
M      A" 

.And  the  same  result  I  have  also  obtained  from  my  own  measurements  of 

*  I  have  employed  the  word  momentum  as  one  in  common  use ;  but  the  term  vis  viva 
would  have  been  more  correct,  inasmuch  as  the  latter  expression  represents  the  mass  of 
«  body  in  motion  multiplied  by  the  square  of  its  velocitj.  In  this  case,  therefore,  while 
tlie  Tdocities  of  the  tricuspid  and  mitral  moving  masses  of  blood  are  in  the  ratio  of  5 
to  7,  the  energy  ov  vis  viva  of  the  tricuspid  is  to  the  energy  or  t^  viva  of  the  mitral 
eonent  or  mass  as  25  to  49.    This  obseryation  does  not  affect  the  reasoning  employed 

•bore,  but  shows  the  greatness  of  the  disparity  between  the  ventricle^ilating  powers  of 

the  two  incoming  currents. 
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the  healthy  heart.  Furthermore,  I  have  prored,  from  my  own  measme- 
ments,  that  the  same  law  probably  regulates  the  areas  of  the  orifices  in 
animals  generally  ;  and  I  have  cited  several  examples  in  corroboration  of 
the  statement  From  the  existence  of  this  law,  it  is  clear  that  if  the  areas 
of  any  three  healthy  orifices  be  known,  the  area  of  the  fourth  can  be  de* 
termined  by  calculation. 

I  have  then  drawn  attention  to  the  curious  and  important  fiict  which 
appears  to  be  almost  general  in  animals,  that 

T 

jjj  =  1-3  to  r4,  nearly  ; 

and 

P 

•J  =1*3  to  1*4,  nearly ; 

consequently  that  the  dimensions  of  the  openings  of  one  nde  of  the  heart 
being  given,  the  areas  of  the  corresponding  orifices  on  the  other  side  of  the 
organ  may  be  obtained  by  arithmetical  process. 

Having  shown  from  measurements  that  the  orifices  arranged  in  the  order 
of  their  magnitude  are  as  follows, 

1.  Tricuspid, 

2.  Mitral, 

3.  Pulmonic, 

4.  Aortic, 

I  have  sought  to  determine  the  reasons  for  this  arrangement,  to  which 
however,  I  shall  not  again  refer. 

I  propose  on  some  future  occasion  to  show  how  widely  this  '*law  of  the 
orifice$**  which  I  have  discovered  is  applicable  to  the  heart  in  its  diseased 
state,  and  how  it  serves  to  explain  many  important  and  interesting  points 
relative  to  the  organ.  I  shall  conclude  with  citing  a  few  instances  in  which 
its  application  throws  some  light  on  the  effects  of  pulmonary  disease  upon 
the  areas  of  the  orifices. 

1.  PAMm*  (Dr.  Peacock). 
Circuroference.        Area. 


Tricuspid 51  lines. 

Pulmonic 39 

Mitral    18 

Aortic    36 

£  =  ??-;  =1-13 
M      183 

P  _121_i.j7 
A       103 

Difference  of  the  ratios  =  '04 


207  square  lines. 

121 

183 

103 
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2.  Phthms  (Dr.  Peacock). 

Tricuspid 43  lines.  147  square  lines. 

Pulmonic 29  67 

Mitral    37  109 

Aortic 26  54 

•T^liZ  =1-35 

?  =  ^  =1-25 
A        54       

Difference  of  the  ratios=s  *10 

In  these  two  cases  the  orifices  evidently  closely  exhibit  the  usual  nor- 
mal relation  to  each  other ;  and  as  the  blood  in  phthisis  emaciates  and  di- 
minishes in  quantity  like  the  other  parts  of  the  body,  we  should  not  ex- 
pect in  a  pure  case  of  phthisis  an  amount  of  pulmonary  obstruction  suffi- 
cient to  produce  marked  alterations  in  the  areas  of  the  openings. 

3.  Bronchitis' (Dt,  Peacock). 

Tricuspid 60  lines.  286  square  lines* 

Pulmonic 45  19307 

Mitral    54  232-1 

Aortic    26  103-18 

T,  286-6  _ 

M      232T~^^'^'^ 

L=  1^-07=1.870 
A       103-18      __ 

Difference  of  the  ratios  =  *635 

The  relation  is  clearly  abnormal. 

T  and  M  are  nearly  in  normal  relation  to  each  other,  but  P  is  abnor- 
'^ally  large  in  relation  to  A.  This  heart  was  enlarged  (weighed  14  ounces) 
^rom  hypertrophy  and  dilatation  of  its  right  side,  and  the  pulmonic  orifice, 
^rom  the  abnormal  increase  of  the  pressure  of  the  current  of  blood  sent 
^lirough  it  by  the  thickened  right  ventricle,  became  considerably  dilated. 

4.  Bronchitis  (Dr.  Davies). 

Tricuspid    5  in.  2         sq.  in. 

Pulmonic     3-5  -975 

Mitral 38  1-15 

Aortic 3-1  -79 

M     1-15 

A       -79     

Difference  of  the  ratios  =  -50 
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The  tricuspid  ht  eridca^  ahiionnall^  krge  in  rdatlim  to  the  adtnl 

orifice. 

If  we  suppose  the  other  three  orifices  to  be.  nwly  Bonul  (and  it  is 
evident  that  the  pulmonic  and  aortic  bear  thdr  DOnnal  relation  to  one 
another),  we  can  calculate  the  exceas  of.  dilatation  fffbihitad  bjr  the  tri- 
cuspid opening 

M    A* 

.-.  T  =  M5  x"iP=I-42  sq.  inch. 

•79  ^ 

Hence  the  tricuspid  is  *58  inch  in  excess  of  its  normal  area,  or  more  than 
one-third  of  its  proper  size  in  excess. 

5.  ^roNcAiM  (Dr.  Peacock). 

The  heart  in  this  case  weighed  eleven  ounces.  As  this  doea  not  nudi 
exceed  its  usual  weight,  it  is  clear  that  the  pulmonic  obstmetion  was 
slight.  We  should  therefore  expect  to  find  but  little  deriation  from  the 
"  law  of  the  orifices."  .    . 

Tricuspid    62  lines.  .  306  sq.  lines. 

Pulmonic , 45  161 . 

Mitral 54  232 

Aortic 39  121 

M     232""^^^ 

A  "121^'^'^ 
Difference  of  the  ratios  s  -01 
This  result  fully  bears  out  the  inferences  above  made. 

II.  "  On  the  Estimation  of  Ammonia  in  Atmospheric  Air.''  By 
Horace  T.  Bbown^  Esq.  Communicated  by  Dr.  FRAKKLAim. 
Received  February  19, 1870. 

In  the  attempts  that  have  been  hitherto  made  to  estimate  the  ammonia 
present  in.  atmospheric  air^  the  results  arrived  at  by  the  various  experi- 
menters have  differed  so  widely  that  it  is  still  a  matter  of  uncertainty  what 
the  quantity  really  is.  That  it  is  a  very  small  amount  all  agree>  but  the 
extreme  results  on  record  vary  as  much  as  from  13*5  to  '01  part  of  car- 
bonate of  ammonium  per  100,000  of  air.  It  may  therefore  not  be  without 
interest  to  give  an  account  of  a  simple  method  affordmg  very  concordant 
and,  I  believe,  accurate  results,  at  the  same  time  being  easy  of  performance 
and  requiring  but  little  time  for  an  experiment. 

The  apparatus  used  consists  of  two  glass  tubes»  each  of  about  1  metre 
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in  lengih  and  12  millimi.  bore.  These  are  connected  air-tight  by  means  of 
a  smaller  glass  tube,  and  inclined  at  an  angle  of  5°  or  6°  with  the  hori- 
zon. Into  each  of  the  larger  tubes  are  introduced  100  cub.  centims.  of 
a  mixture  of  perfectly  pure  water  and  two  drops  of  dilute  sulphuric  acid 
(sp.  gr.  1*18).  Through  this  acidulated  water  a  measured  quantity  of  the 
air  under  examination  is  slowly  drawn,  in  small  bubbles,  by  means  of  an 
aspirator. 

No  porous  substance  must  be  used  to  filter  the  air,  for  reasons  to  be 
stated  hereafter.  The  air  is  conducted  into  the  absorption  liquid  through 
a  small  piece  of  quill  tubing  drawn  out  to  a  small  aperture  at  the  end  im- 
mersed. This  tube  must  be  kept  quite  dry  throughout  the  experiment. 
Great  care  must  be  taken  to  cleanse  perfectly  every  part  of  the  apparatus 
with  water  free  from  ammonia,  and  the  caoutchouc  plugs,  or  corks,  used 
must  be  boiled  for  a  short  time  in  a  dilute  solution  of  caustic  soda. 

The  stream  of  air  is  so  regulated  as  to  allow  about  1  litre  to  pass  through 
the  apparatus  in  an  hour. 

By  directing  the  point  of  the  delivery-tube  laterally,  each  bubble  has  im- 
parted to  it  on  rising  an  oscillatory  movement  which  facilitates  complete 
absorption  of  the  ammonia. 

When  from  10  to  20  litres  of  air  have  passed,  the  Kquid  is  emptied  from 
the  tubes  into  upright  glass  cylinders,  an  excess  of  a  perfectly  pure  solution  of 
potash  added,  and  then  3  cub.  centims.  of  a  Nessler  solution.  The  standard 
of  comparison  is  made  in  the  ordinary  way,  only  using  acidulated  in  place  of 
pure  water,  and  neutralizing  with  potash  after  adding  the  standard  solution 
of  ammonium  salt.  Beyond  somewhat  retarding  the  point  of  maximum 
coloration,  a  little  potassium  sulphate  does  not  interfere  with  the  delicacy 
of  Nessler^s  reaction. 

If  the  experiment  has  been  conducted  with  proper  care,  at  least  ^  of  the 
total  ammonia  ought  to  be  found  in  the  first  tube.  Four  or  five  litres  of  air 
are  generally  quite  sufficient  to  give  a  decided  reaction,  but  it  is  better  to 
use  not  less  than  10  litres,  as  before  mentioned*. 

Very  many  experiments  have  been  made  by  this  method,  both  on  air 
from  the  town  of  Burton-on-Trent,  and  that  of  the  adjoining  country. 
The  air  from  the  town,  as  might  be  expected,  varies  somewhat  in  composi^ 
turn ;  much  more  so  than  that  taken  from  the  open  country,  as  may  be 
seen  from  the  following  Tables,  in  which  are  given  some  of  the  numerous 
Tesulta  obtained. 

The  ammonia  is  calculated  in  every  case  as  carbonate  ((NHJ^  00,^ ; 
tot  although  nitric  acid  is  sometimes  found  in  air,  yet  its  presence  must 
be  looked  upon  as  accidental. 

*  When  the  air  to  be  examined  is  highly  charged  with  ammonia,  as  that  from  itablat 
ftcL,  a  perfectly  dry  bottle  of  3  or  4  litres  capacity  should  be  carefully  filled  with  a  pair 
of  beUowB,  100  cub.  centims.  of  acidulated  water  introduced,  and,  after  closing  securaly, 
the  whole  well  agitated  at  intervals  for  three  or  four  hours.  The  liquid  is  then  poured 
oat»  and  the  NH,  estimated  by  the  Nessler  solution  as  usual. 
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In  the  immediate  vicmity  of  towns  lome  of  the  imnonia  mmt  abo  bom 
the  form  of  Bnlphate,  sulphite,  or  ammonimn  chloride* 

(1)  Jir  taken  from  iaum.  (Tskenst  sheightof  2iiieCreifroiiigioiind.) 

(NH;),  GO,  at  grammfls      (HHi),  00,  in  psrli 
Date  of  Experiment.  per  100,000  litres  of  air  lijvei^per 

at0*O.and700]iim.lMUK»i.        1001,000  of  sir. 

1869.  September  30 M294  ^8732 

October  4   -62117  '4801 

„       6 -5251  '4059 

„       8  -62117  '4801 

November  26 10729  -8293 

28 MOOO  850S 

.  (2)  Airfrtm  country.    (Taken  at  a  hoght  of  2  metres.) 

(im:^),  CO,  SB  smnmes      (NH«),  00,  in  pvli 
Date  of  Experiment.  per  100,000  litres  of  air  per  100^000  of 

atO^C.  and760min.barom.  air. 

1869.  December  6 -7620        -5890 

„         8 -7826  '6085 

9 -6601  -5102 

„        11 -6635  -5121 

1870.  February  12 -7639  '5904 

The  direction  of  the  wind  does  not  seem  to  have  any  influence  on  the 
ammonia  found  ;  immediately  after  heavy  rain»  however^  the  quantity  ftUs 
somewhat  below  the  average,  but  the  air  is  agam  restored  to  its  normal 
condition  after  a  lapse  of  two  or  three  hours. 

Attempts  were  made  to  make  the  method  more  delicate  still  by  absorbing 
the  ammonia  in  pure  water  and  then  distilling,  but  the  nitrogenous  organic 
matter  suspended  in  the  air  was  found  to  interfere  with  the  results. 

"When  the  air  is  passed  through  cotton-wool  before  entering  the  absorp- 
tion-tubes, it  is  found  to  be  entirely  deprived  of  its  ammonia  by  the  filter. 
This  is  also  the  case  with  air  artificially  charged  with  ammonia  to  a  large 
extent.  This  absorption  is  not  due  to  the  presence  of  hygroscopic  mois- 
ture, since  cotton-wool,  when  absolutely  dry,  is  capable  of  taking  np  115 
time$  its  own  hulk  of  dry  ammonia  (confined  over  mercury)  at  10^*5  C. 
and  755*7  millims.  barom.,  the  gas  being  again  slowly  evolved  when  the 
wool  is  left  in  contact  with  the  air  at  100^  C. 

All  other  porous  substances  that  were  tried  for  filtering  agents  were 
found  to  possess  this  property  more  or  less ;  even  freshly  ignited  pumice- 
stone  is  not  entirely  without  absorptive  effect  upon  the  gas. 
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March  24,  1870. 

Lieut..Gencral  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

The  following  commanication  was  read : — 

''  On  the  Madreporaria  dredged  up  in  the  Expedition  of  H.M.S. 
'Porcupine/''  By  P.  Martin  Duncan,  M.B,  Lond.,  P.R.S., 
Sec.  Geol.  Soc,  Professor  of  Geology  in  King's  College,  Lon- 
don.    Received  February  26,  1870. 

Professor  Wyville  Thomson,  Dr.  Carpenter,  and  Mr.  Gwyn  Jeffreys  have 
placed  the  collection  of  stony  corals  dredged  up  by  them  in  the  '  Porcupine* 
Expedition  in  my  hands  for  determination.  They  have  kindly  afforded 
me  all  the  information  I  required  concerning  the  localities,  depths,  and 
temperatures  in  which  the  specimens  were  found. 

My  report  has  been  rendered  rather  more  elaborate  than  I  had  intended, 
m  consequence  of  the  great  consideration  of  Professor  A.  Agassiz  and 
Count  de  Ponrtales  in  forwarding  me  their  reports*  and  specimens  rela- 
tbg  to  the  deep  sea-dredging  off  Florida  and  the  Havana* 

They  hare  enabled  me  to  offer  a  comparison  between  the  British  and 

American  species,  which  I  had  not  hoped  to  do  before  the  publication  of 

this  communication. 

Contents. 

I.  List  of  the  species,  localities,  depths,  temperatures. 
n.  Critical  notice  of  the  species. 
m.  Special  and  general  conclusions. 

I.  Twelve  species  of  Madreporaria  were  dredged  up,  and  the  majority 
came  from  midway  between  Cape  Wrath  and  the  Faroe  Islands.  Others 
were  also  found  off  the  west  coast  of  Ireland.  Many  varieties  of  the  species 
were  also  obtained,  and  some  forms  which  hitherto  have  been  considered 
specifically  distinct  from  others,  but  which  now  cease  to  be  sof  •  [See  Table, 
p.  290.] 

list  of  species  known  only  on  the  area  dredged,  or  in  the  neighbour- 
ing seas. 

1.  Amphihelia  atlnntica,  no^t>. 

2.  omata,  nobis, 

3.  Allopora  oculina,  Ehrenherg, 

•  Coniribations  to  the  Fauna  of  the  Gulf-stream  at  great  depths,  hy  L.  F.  do  rourfnl<v«!, 
l^t  &  Snd  series,  18C8.  Bull.  Mus.  Comp.  Zool.  Harvard  Colloge,  Cmnbridgo,  Mass., 
Nos.  6  &  7. 

t  One  specimen  came  from  the  'Lightning*  Exi)edition.  It  must  be  remembered 
that  all  th  deep-fea  corals  known  to  British  naturalists  were  not  dredged  up.  The 
Sbfitttier  roma,  for  instanoe,  was  not  amongst  the  collection. 

toih  xvm.  z 
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List  of  fpedei  common  to  the  area  and  to  the  Florida  and  Havana 

deep-sea  faunas  only. 

1.  Balanophyllia  socialise  Pourtales,  sp. 

2.  Ampbihelia  profunda,  Paurtales,  sp. 

3.  FliobothmB  symmetricns,  Pourtales,  sp. 

These  forms  are  not  known  in  the  West-Indian  Cainozoic  fauna,  and 
they  have  not  heen  discovered  in  any  European  deposits. 

Lophoheliaproli/era  (var.  affinia)  is  common  to  the  British  and  Florida 
deep-sea  faunas ;  it  is  found  fossil  in  the  Sicilian  Tertiaries,  being  more- 
over a  memher  of  the  recent  fauna  of  the  Mediterranean. 

List  of  species  common  to  the  area  and  to  the  Mediterranean  Sea. 

1.  Caryophyllia  horealis,  Fleming. 

2.  Ampbihelia  oculata,  Linnceus,  sp. 

3.  Lophobelia  prolifera,  Pallas,  sp. 

List  of  species  found  on  the  area  dredged,  and  as  fossils  elsewhere. 

1  •  Caryophyllia  borealis,  Fleming.    Sicilian  :  Miocene  and  Pliocene. 

2.  Ceratocyathus  omatus,  Seguenza.  Sicilian :  Miocene  and  Pliocene. 

3.  Flabellum  laciniatum,  Ed.  ^  H,   Sicilian,  Calahrian :  Miocene  and 

Pliocene. 

4.  Lophobelia  prolifera,  Pa//a^,  sp.    Sicilian:  Miocene  and  Pliocene. 

5.  Ampbihelia  miocenica,  Seguenza.    Sicilian :  Miocene  and  Pliocene. 

The  deep-sea  coral-fauna  of  the  area  dredged  in  the  '  Porcupine '  and 
'  Lightning '  Expeditions  is  therefore  composed  of : — 

5  species  which  have  lasted  since  the  early  Cainozoic  period. 
1  Mediterranean  species  not  known  in  Cainozoic  deposits. 
3  species  of  the  deep-sea  fauna  of  Florida  and  Havana. 
3  indigenous  species. 

12 

Two  of  the  fossil  apeciea  are  represented  in  the  recent  fauna  of  the 
Mediterranean. 

If  the  species  which  I  have  absorbed  into  others  (in  consequence  of  the 
light  thrown  upon  the  amount  of  variation  in  the  deep-sea  corals)  were 
counted,  the  fossil  forms  would  be  in  all  8. 

The  greatest  depth  from  which  Madreporaria  were  dredged  was  705 
fiUlumifi  and  the  lowest  temperature  of  the  water  in  which  they  lived  was 

U.  CaryapkylUa  barealia,  Flenung. — Having  collected  a  very considerahle 
series  of  the  Caryophyllue  from  the  seas  around  Great  Britain,  and  having 
been  supplied  with  several  specimens  of  the  Mediterranean  species,  I  had 
■ome  time  ago  oompared  the  whole  with  the  fossil  forms  from  the  Sicilian 

z  2* 
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t  ertiary  deposits  and  with  each  other.  The  numeroos  apedinfliu  of  Caryo- 
phyllice  dredged  ap  in  Dingle  Bay  were  especially  interesting  after  I  had 
arrived  at  satisfactory  conclusions  respecting  the  affinities  of  the  abore- 
mentioned  British  and  Southem-Enropean  forms.  The  Dingle-Bay  ool- 
lection  presented  all  the  varieties  of  shapes  (some  of  which  had  been 
deemed  of  specific  value)  which  I  had  observed  in  the  separate  asaemblagea 
of  specimens  from  the  Mediterranean,  the  Sicilian  tertiaries,  and  the  British 
and  Scottish  seas. 

A  perfect  series  of  specimens  from  all  these  localities  can  he  so  arranged 
as  to  show  a  gradual  structural  transition  from  form  to  form  ;  so  that  the 
most  diversely  shaped  Caryophylluie  can  be  linked  together  by  inter- 
mediate shapes.  The  Caryophyllia  elavus  and  CaryophylUa  cyathu9  can 
be  united  by  intermediate  forms,  and  all  of  these  to  Caryophyllia  SmithU 
and  Caryophyllia  borealia. 

It  is  impossible  to  determine  which  is  the  oldest  form ;  but  they  all  appear 
to  be  reproduced  by  variation  on  some  part  of  the  area  tenanted  by  the  sec- 
tion of  the  genus.  The  variability  of  the  Caryophyllia  of  the  Sicilian  tertiary 
deposits  is  very  marked ;  and  it  is  equally  so  in  the  groups  which  live  on 
disconnected  spots  in  our  waters.  The  Dingle-Bay  series  presents  the 
greatest  amount  of  variability,  and  indeed  is  most  instructive ;  for  by  apply- 
ing the  range  of  it  to  the  classification  of  such  genera  as  Troehocyathus  and 
Montlivaltia  a  great  absorption  of  species  must  ensue. 

The  Dingle-Bay  CaryophyllicB  are  evidently  the  descendants  of  those 
which  lived  in  the  Western  and  Southern-European  seas  before  those  great 
terrestrial  elevations  took  place  which  were  connected  with  the  correspond- 
ing subsidence  of  the  circumpolar  land  and  the  subsequent  emigration  of 
Arctic  moUusca.  They  are  not  closely  allied  to  the  recent  West-Indian 
species ;  but  they  occupy  a  position  in  the  Coral-fauna  representative  of 
them.  The  same  remark  holds  good  with  reference  to  the  affinities  of  the 
recent  and  the  creticeous  Caryophyllia,  They  are  not  closely  allied,  and 
they  belong  to  different  sections  of  the  genus  ;  but  they  hold  the  same 
positions  in  the  economy  of  the  old  and  new  distribution  of  animal  life,  and 
the  recent  forms  are  representative  of  the  older.  The  examination  of  the 
Dingle-Bny  Caryophyllia  tends  to  prove  that  a  species  is  really  the  sum  of 
the  variations  of  a  series  of  forms. 

A  specimen  was  dredged  up  in  705  fathoms,  temp.  42^*65  F.,  and  it 
exactly  resembles  forms  which  are  frequently  found  in  90  fathoms,  and  at  a 
temperature  slightly  below  that  of  the  surface.  M.  Alphonse  Milne-Edwards 
obtained  some  Caryophyllia  from  the  cable  between  Corsica  and  Algiers 
ill  1 1 10-1550  fathoms.  The  bathymetrical  range  of  these  forms  is  there- 
fore very  great.  I  have  placed  the  species  borealis  in  the  first  place,  and 
regard  the  old  species  C,  clauus,  C  Smithii,  and  C.  cyathua  as  varieties 
cf  it. 

Ceratocyathus  ornafus,  Seguenza, — A  beautiful  specimen  of  this  rare 
form  was  dredged  up  from  a  depth  of  705  fathoms  with  some  Caryophyllia 
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and  a  amall  Jm.  The  species  is  hitherto  unknown  except  in  the  Sicilian 
miocene*. 

Flabellum  laeiniatum,  £d.  &  H. — ^This  is  the  TJloeyathus  arciietu  of  the 
late  Prof.  Sars.  Many  specimens  were  dredged  up  ;  hut  most  of  them  were 
broken,  in  consequence  of  the  extreme  fragility  and  delicacy  of  the  thcca. 
There  are  no  pali ;  therefore  Sars's  terminology  is  not  in  accordance  with  the 
received  system.  The  form  was  familiar  to  me  from  Seguenza's  drawmg 
of  a  dilapidated  Flabellum  (which  is  always  found  broken*)  ;  and  it  is  now 
evident  that  TJloeyathus  must  give  place  to  Flabellum.  The  species  links 
Flabellum  to  Desmophyllum :  it  is  not  known  in  the  recent  Mediterranean 
fituna. 

Lophohelia  proli/era,  Pallas,  sp.,  is  apparently  a  common  coral  in  the 
north-western  British  seas. 

Temperature, 
o 

It  was  dredged  up  in  No.  5  at  a  depth  of  364  fathoms  . .  48*8 

13  „  208        „         ..  49'G 

14  „  173        „         ..  49-6 

15  „  422  „  ..  47-0 
25  „  164  „  ..  46-5 
54            „            363       „         ..  31-5 

and  also  at  a  depth  of  from  350  to  600  fathoms  in  the  cold  area  to  the 
north-west. 

All  the  specimens  show  great  density  of  the  calcareous  skeleton ;  and 
active  nutrition  may  be  inferred  on  account  of  the  repeated  gemmation,  the 
large  size  of  the  calices,  and  the  numerical  development  of  the  septa.  Great 
variability  occurs  in  the  corallites  forming  a  stem  ;  and  the  shape  of  the 
calices  is  very  diverse. 

It  is  very  interesting  to  find  some  specimens  bearing  elongate  and 
more  or  less  cla?iform  corallites  with  the  peculiar  gemmation  of  Lophohelia 
anthophyllites,  Ellis  and  Solander,  on  some  portions  of  their  stem,  and  the 
usual-shaped  corallites  of  Lophohelia  prolifera  on  others. 

A  separate  corallum,  which  must  be  referred  to  Lophohelia  antho^ 
pkylliies,  Ellis  and  Solander,  was  dredged  up  at  No.  54. 

The  variation  of  the  gemmules  of  several  specimens  is  sufficiently  great 
to  absorb  Lophohelia  subcostata^  Ed.  &  Haime ;  for  fragments  of  the 
corallum  of  Lophohelia  prolifera  exist  which  possess  all  its  so-callc(^ 
specific  peculiarities. 

A  careful  examination  of  Lophohelia  Defrancei,  Defrance,  sp.,  from  the 
Messinese  Pliocene  and  Miocene  deposits,  and  a  comparison  of  its  struc- 
ture with  the  numerous  specimens  dredged  up  in  the  '  Porcupine '  Expedi- 
tion, lead  me  to  believe  that  it  is  identical  with  Lophohelia  prolifera, 

*  S^gnema,  "Disqaistz.  Paleont.  int.  ai  Corall.  Foss./'  Mem.  della  Bcalo  Acc;id. 
dell.  Soi.  Torino,  aerie  ii.  tomo  xxi.  18GI. 
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The  same  identity  most  be  asBerted  for  Lo]^ckdim  ofimt,  Poortala^ 
which  was  dredged  up  in  195  fathoms  off  Coffin's  Patches,  Florida. 
Lophohelia  proli/era  exists  in  the  Mediterranean  Sea  and  the  aea  between 

Scotland  and  Norway. 

Lophohelia  anthophylliteBVA  an  East-Indian  form  ;  bnt  its  abaorption  into 
Lophohelia  prolifera  suggests  explanations  concerning  the  CaincNKiic  pro* 
genitor,  and  how  it  migrated  eastwards. 

The  relation  of  the  recent  East-Indian  Coral-fannas  to  those  of  the 
European  and  West-Indian  Cainozoic  deposits  has  been  noticed  and 
admitted  for  some  years  past^ 

The  Cainozoic  Lophohelia  of  Sicily  is  the  earliest  form  of  the  genus ;  and 
those  which  are  found  in  such  remote  parts  of  the  world  as  the  East  Indies, 
the  Florida  coast,  the  Norwegian  coast,  and  the  Mediterranean,  and  which 
have  been  determined  to  belong  to  different  species,  are,  from  the  study  of 
the  curious  assemblage  of  yariable  forms  now  under  consideration,  evidently 
varieties  of  the  old  type,  Lophohelia  prolifera.  I  have  therefore  absorbed 
the  old  species  Z.  anthophyllites,  L.  subcostata,  L.  ajfinis,  L.  Defraneei^ 
and  L.  gracilis. 

Two  genera  of  the  Oculinid<B  in  the  classification  of  MM.  Milne-Edwards 
and  Jules  Haime  have  always  been  most  difficult  to  distinguish ;  and  now 
the  results  of  the  dredging  off  the  north  of  Scotland  and  off  Florida  and 
the  Havana  necessitate  the  absorption  of  one  of  them. 

Amphihelia  and  Diplohelia. — The  first  containing  recent  species  only  at 
the  time  of  the  enunciation  of  the  classification  just  referred  to,  and  the 
last  having  fossil  species  only,  were  very  likely  to  be  considered  separate 
genera.  Diplohelia  had  species  in  the  Eocene  and  in  the  Cainozoic 
seas.  Amphihelia  was  known  to  have  species  in  the  Mediterranean  fauna, 
and  in  that  of  Australia  also.  Seguenza,  however,  described  some  Amphi" 
helice  and  Diplohelia:  from  the  Sicilian  tertiary  deposits  which  were  iden- 
tical so  far  as  generic  attributes  are  considered,  the  only  distinction  being 
a  doubtful  raggedness  of  the  septal  edges.  The  habit  and  the  method  of 
growth  and  gemmation  of  the  forms  were  the  same.  M.  de  Pourtales 
dredged  up  a  branching  form  from  off  the  Havana  in  350  fathoms,  and 
from  off  Baliia  llonde,  near  Florida,  in  324  fathoms,  and  also  in  lat.  28° 
21'  N.,long.  7D°  13'  W.,  in  1050  fathoms  (came  up  with  the  lead).  This 
he  named  Diplohelia  profunda.  On  referring  to  Seguenza's  plates  and 
descriptions*  of  the  fossil  corals  from  the  Sicilian  Tertiary  deposits,  there 
is  no  difliculty  in  deciding  upon  the  very  close  affinity  of  the  species  de- 
scribed by  Pourtales  and  Diplohelia  Meneghiniana,  Seg.,  and  DiploMia 
Dotlerleiniana,  Seg.,  fossil  forms  from  the  mid-tertiary  deposits. 

But  on  comparing  these  forms  witli  one  exquisitely  figured  by  Seguenza, 
and  which  he  calls  AwphihcHa  miocenica,  Seg.,  the  generic  affinities  of  all 
become  startlingly  cviilcut  (tub.  xii.  figs,  li,  1<?,  3i  &  3c,  op,  cif,). 

The  very  numerous  specimens  of  small   branching  Oculinid<Xi  which 

♦  Scguonzi\,  /.  c. 
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were  dredged  up  in  the  '  Porcupine  *  Expedition  (No.  54,  and  to  the  north- 
west of  that  spot  in  the  cold  area),  at  a  depth  of  from  3G3  to  600  fathoms, 
present  singular  variations  of  structure  in  the  buds  and  calices  upon  the  same 
stems.  A  comparison  between  them  and  the  well-known  recent  and  fossil 
AmphikeliOi  the  fossil  and  recent  Biplohelia,  and  the  smaller  specimens  of 
JUtphokelim,  leads  to  the  belief  that  Amphihelia  is  identical  geuerically 
with  Diplohelia,  and  yeiy  closely  allied  to  Lophohelia,  Indeed  the  di- 
stinctiou  between  the  Lophoheliw  and  Amphihelia  is  of  the  slightest  kind. 
The  species  of  the  genus  Amphihelia  dredged  up  in  the  '  Porcupine ' 
Expedition  are  five : — 

1.  Amphihelia  (Dlplohelia)  profunda,  Pour  tales,  sp. 

2.  —  oculata,  Linnceus,  sp. 

3.  —  miocenica,  Segueiisa, 

4.  atlantica*  nobis, 

5.  omata,  nolna. 

The  spedea  came  from  No.  54  dredging,  and  from  the  cold  area  to  the 
north-west  in  from  500  to  600  fathoms. 

The  specimens  are  exceedingly  beautiful,  strong,  and  perfect ;  and  there 
iras  much  difficulty  experienced  in  removing  the  polypes  from  the  calices. 

1 .  Amphihelia  profunda,  Pourtales,  sp.,  has  been  noticed.  It  is  a  \yc8t- 
Indian  form  closely  allied  to  a  Sicilian  niiocene  species. 

2.  Amphihelia  ocutata,  Linnesus,  sp.,  is  well  known  in  the  Mediterranean, 
ftnd  hat  not  hitherto  been  found  in  the  Atlantic. 

3.  Aw^hihelia  miocenica,  Seguenza,  is  a  very  common  species  in  the 
deep  iea^  but  is  rare  in  the  miocene  deposits  of  Sicily.  Its  fully  developed 
(HMital  stmctures  distinguish  it  from  the  other  forms. 

4.  Amphihelia  atlantica,  nobis,  is  a  new  species,  large,  bushy,  and 
^th  almost  plain  cccnenchyma,  which  is  very  abundant. 

5.  Amphihelia  omata,  nobis,  is  a  new  species  closely  allied  to  the  mio- 
cene form,  but  its  ornamentation  is  most  peculiar,  and  not  continuously 
costulate. 

Allopora  oeulina,  Ehrenberg. — Several  specimens  of  this  very  rare  coral 
\rere  dredged  up  in  No.  54,  and  one  in  the  '  Lightning '  Expedition,  not 
far  from  the  same  spot. 

The  type  is  in  the  Berlin  Museum ;  the  locality  whence  it  came  is 
tinknown. 

The  distinction  between  these  massive  and  densely  hard  corals  (whose 
ealices  are  principally  on  one  side  of  the  cccnenchyma  of  the  stem)  and  the 
^iyiaeters  is  ^ery  evident. 

M.  de  Pourtales  has  described  a  pretty  red-coloured  Allopora  miniata 
dredged  in  100  to  324  fathoms  off  the  Florida  reef;  but  it  is  very  distinct 
from  the  species  discovered  in  the  late  deep-sea  dredging  expeditions. 

Allopora  has  no  fossil  representatives. 

BaUnophyUia  {Theeopeammia)  socialis,  Pourtales.-^ix  specimens  of  a 
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simple  perforate  coral  vere  dredged  up  blat.  59^  56'N^  long.  WW 
rifia  fathoms,  temperature  31°-8  (No.  54),  and  one  in  lat.  61®  IV  N,  long. 
2°  21'  W.,  345  fathoms,  temp.  29*^*9  (No.  65). 

The  six  specimens  are  of  different  nies  and  ages ;  and  althoodi  thcr 
present  considerahle  variation  in  shape  and  septal  derelopmenl^  ther  cri- 
dentl y  helong  to  one  type.  The  solitary  coral  from  No.  65  is  laiger  Afn 
the  others,  hut  it  helongs  to  the  same  species* 

Notwithstanding  the  temperature  in  which  the  corals  weit  finmct  and 
the  depth  of  the  sea,  they  are  strong  and  well-de?eloped  forms^  eri ' 
an  active  and  ahundant  nutrition. 

There  is  no  difficulty  in  classifying  the  spedmena  with  the 
psammia  of  Pourtales. 

Thecopsammia  socialise  Pourtales,  was  dredged  np  in  from  100  to 
fathoms,  off  Sombrero,  near  Florida,  in  the  course  of  the  Gulf-stream. 

I  have  been  able  to  compare  the  specimens  dredged  up  in  the  'Poreainne 
Expedition  with  M.  Pourtales's  types,  and,  after  making  due  allowanoe  fii 
variation,  I  have  no  doubt  about  including  the  British  forms  under  hi 
specific  term.  These  varieties  of  the  Floridan  type,  found  at  gnater^^^ 
depths,  and  doubtless  in  much  colder  water,  present  evidences  of  greater-^^' 
vigour  than  the  American  forms.  They  are  larger  and  denser,  and  tlMir-"^  ^ 
septa  are  better  developed.  Moreover  some  of  them,  although  they 
possess  nil  the  other  characteristics  of  the  genus  as  diagnosed  bj  Pourtales, 

j)resent  indubitable  costse,   especially  inferiorly.     This  clinging  to  the 

Balanophyllian  type  is  not  witnessed  in  the  Floridan  forms ;  but  it  is  too^:^'*® 
important  to  be  passed  over,  especially  as  it  renders  the  generic  distinction.^  ^  '" 
between  many  well-known  Balanophylli€e  and  the  new  Thecop9ammi€e  ^^xy  ^  "^ 
unstable.  The  Thecopsammice,  from  the  peculiarities  of  their  wall,  epitheca,^  - 
and  septa,  well  merit  the  distinction  of  a  subgenus  ;  and  therefore  I  proposcf^ 
to  restore  the  species  associated  under  the  term  to  the  genus  BalanophyUio^^  "^ 
in  the  subgenus  Thecoptammia, 

BalanophylHa  {Thecopaammia)  soeialis,  Pourtales,  var.  cosiata.  No.  54^ 
'Porcupine'  Expedition. 

( ) ,  var.  hritannica.    No.  5<J,   « Porcupine  *  Expedition. 

( ) ,  var,  Jeffreysia.     No.  C5. 

All  these  varieties  refer  to  specimens  which  were  fixed  by  their  bases  to 
stones. 

The  varieties  and  the  original  types  are  very  isolated  forms  in  the  great 
genus  BalanophylHa,  They  have  only  a  very  remote  affinity  with  the 
West-Indinn  recent  Balanop/tyllia,  with  those  of  the  Crag,  the  Faluns,  and 
the  Eastern  Tertiaries. 

The  British  forms  appear  to  have  emigrated  from  the  south-west ;  and 
probably  the  original  type  wandered  through  the  agency  of  the  Gulf- 
stream,  which  carried  the  ova  and  deposited  them  in  our  northern  sea,  where 
they  have  propagated,  varied,  and  thriven. 
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Plioboiknu  eymmeirieua,  Pourtales. — A  specimen  of  this  doubtful  coral 
(which  had  been  described  by  M.  de  Pourtales  from  the  results  of  dredging 
in  from  100  to  200  fathoms)  was  sent  to  me  by  Dr.  Carpenter.  It  came 
llrom  the  cold  area,  in  from  500  to  600  fathoms. 

There  is  no  donbt  that  this  very  polyzoic-looking  mass  belongs  to  the 
American  type.  The  tabuloe  are  hardly  worthy  to  be  called  such ;  and  I 
place  the  form  amongst  the  Zoantharia  provisionally. 

Ill*  The  species  of  Madreporaria  belong  to  genera  which  do  not  contri- 
bute and  have  not  contributed  to  form  coral-reef  faunas.  None  of  them 
are  reef-builders ;  but  all  are  essentially  formed  to  live  where  rapid  growth 
and  delicately  cellular  structures  are  not  required.  The  forms  are  strong, 
solid,  and  large ;  and  their  rapid  and  repeated  gemmation  proves  that  their 
nutritive  processes  went  on  actively  and  continuously. 

All  the  species  are  very  much  disposed  to  produce  variations ;  and  this  is 
especially  true  as  regards  those  which  have  outlived  the  long  age  of  the 
Crag,  the  glacial  period,  and  the  subsequent  time  of  elevations  and  subsi-  . 
deuces.     The  least-variable  species  are  those  which  are  not  known  ou 
other  areas. 

Two  of  the  three  species  which  are  common  to  the  West-Indian  deep-sea 
fauna  and  that  of  our  north-western  coasts  are  also  very  variable. 

The  persistence  of  Madreporaria  from  the  earlier  Cainozoic  period  to 
the  present  time  has  been  an  established  fact  for  several  years.  Some  of 
the  forms  which  are  common  to  the  deep  sea  of  the  British  area  and  to  the 
so-called  miocene  of  Sicily  are  still  existing  in  the  Mediterranean.  None, 
however,  of  the  species  of  Corals  found  in  the  British  Crag  are  represented 
in  the  deep-sea  fauna. 

The  existence  of  Mediterranean  forms  in  the  North-west  Britbh  area  is 
in  keeping  with  the  discoveries  of  Forbes.  It  has,  however,  a  double 
significance,  and  bears  upon  the  presence  of  West-Indian  forms  on  the 
North-west  British  marine  area.  There  was  a  community  of  species  be- 
tween the  Mediterranean  and  the  West  Indies  in  the  Cainozoic  period, 
cspedally  of  Echinodermata,  Mollusca,  Madreporaria,  and  Foraminifera. 
After  the  great  alterations  of  the  mutual  relations  of  land  and  sea  which 
took  place  before  the  cold  affected  the  fauna  of  the  Franco-Italian  seas, 
this  community  of  species  diminished ;  but  it  lasted  through  all  the  period 
cf  Northern  glacialization,  and  is  proved  still  to  exist  slightly  by  com- 
paring the  Algse,  the  Corals,  the  Fchinodermata,  and  the  Mollusca. 

The  presence  of  two  very  characteristic  Floridan  species,  and  one  less  so, 
off  the  north  of  Scotland,  is  particularly  interesting,  because  they  all  live 
in  the  cold  area  and  flourish  there,  whilst  they  appear  to  be  less  vigorous 
in  the  warmer  Gulf-stream  near  Florida. 

It  is  impossible  to  fail  to  recognize  the  operation  of  this  stream  in 
producing  the  emigration  of  these  three  species,  which  are  essentially 
American. 

The  solidity  and  the  power  of  gemmation  of  the  corals  within  the  cold  area 
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appear  to  be  greater  than  elsewhere.  Depth  has  not  miudi  eHbet  upon 
the  nutrition  of  the  Madreporaria;  for  those  dredged  ap  at  600fiithoiiii 
arc  quite  as  hard  and  solid  as  those  found  at  300  fathomSt 

All  the  calices  were  stuffed  with  small  Foramialfera,  and  there  was  eii- 
dently  a  great  abundance  of  food. 

There  were  numerous  Foljzoa»  Sponges^  Foraminifera»  Diatomacne,  and 
delicate  bivalves  associated  with  or  fixed  upon  the  corals  at  all  depths. 
^lorcover,  at  from  300  to  400  fathoms,  some  Amphihelim  had  incmsted 
an  Annelid. 

Serpuia,  moreover,  abound  upon  the  corals ;  and  a  pretty  Jm  was  asso* 
ciated  with  them  at  a  depth  of  705  fathoms.  This  is  a  fiiuna  which,  if 
covered  up  and  presented  to  the  paloeontologist,  would  be,  and  would  have 
been  for  some  years  past,  considered  a  deep-sea  one. 

It  is  a  fauna  which  indicates  the  existence  of  the  same  processes  of  nu- 
trition and  of  destructive  assimilation  and  reproduction  whidi  are  recognised 
in  association  with  corresponding  forms  at  less  depths  and  in  higher  tem* 
pcratures. 

The  great  lesson  which  it  reads  is,  that  vital  processes  can  go  on  in  eer^ 
tain  animals  at  prodigious  depths,  and  in  much  cold,  quite  as  well  as  in  less 
depths  and  in  considerable  heat.  It  suggests  that  a  great  number  of  the 
Invcrtcbrata  arc  not  much  affected  by  temperature,  and  that  the  supply  of 
food  is  the  most  important  matter  in  their  economy. 

The  researches  of  Hooker,  who  obtained  Folyzoa  and  Foraminifera 
in  soundmgs  at  a  depth  of  nearly  400  fathoms  off  the  icy  barrier  of  the 
South  Pacific,  of  ^yallich  in  the  Atlantic,  and  of  Alphonse  Milne-Edwards  in 
the  Mediterranean  have  had  much  influence  upon  geological  thought  in 
this  age,  which,  so  far  as  geologists  are  concerned,  is  remarkably  averse  to 
theory.  For  many  years  before  any  very  deep  soundings  had  been  taken 
with  the  view  of  searching  the  sen-bottom  for  life,  geologists  had  more  or 
less  definite  opinions  concerning  the  deposition  of  organisms  in  sediments 
at  great  depths.  Certainly  more  than  thirty  years  ago  deep-sea  deposits 
were  separated  by  geologists  from  those  which  they  considered  to  have 
been  formed  in  shallower  seas.  The  finely  divided  sediment  of  strata  con- 
taining Crinoids,  Brachiopods,  Foramiuifera,  and  simple  Madreporaria  was 
supposed  to  have  been  deposited  in  deeper  water  than  formations  containing 
large  pebbles,  stones,  and  the  mollusca  whose  representatives  now  live  in 
shallows.  The  relations  of  such  strata  to  each  other  during  subsidence, 
the  first  being  found  occasionally  to  overlap  the  last,  proved  that  there 
was  a  deeper  sea- fauna  in  the  ofHng  of  the  old  shores  which  were 
tenanted  by  littoral  and  shallow-water  species.  The  deposition  of  strata 
containing  Foraminifera,  Madreporaria,  and  Echinodermata,  whose  lime- 
stone is  remarkably  free  from  any  foreign  substances,  has  been  consi- 
dered to  have  taken  place  in  very  deep  water;  this  theory  has  been 
founded  upon  the  observations  of  the  naturalist  and  mineralogist.  Indeed 
no  geologist  has  hesitated  in  assigning  a  great  depth  to  the  origin  of  some 
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deposits  in  the  Laorentian,  Silurian,  or  in  any  other  formation.  The 
**  fljsch/'  a  great  sediment  of  the  Eocene  formation,  has  been  cousidered 
to  hare  been  formed  at  a  great  depth  and  under  great  pressure.  Its  singularly 
imfossiliferons  character  was  supposed  to  be  due  to  the  absence  of  life  at 
the  depths  of  the  ocean  where  the  sediment  collected.  But  this  was  a 
theory  of  the  early  days  of  geology,  when  the  destructive  influence  of  che- 
mical processes  in  strata  upon  the  remains  of  organisms  in  them  was  hardly 
admitted. 

The  great  value  of  such  researches  as  those  so  ably  carried  out  by 
Thomson,  Carpenter,  and  Jeffreys  is  the  definite  knowledge  they  impart  to 
the  geologist,  who  is  theorizing  in  the  right  direction,  but  whose  notions 
of  the  depth  at  which  the  sediments  containing  Invertebrata  can  be  depo- 
sited are  indefinite.  These  researches  contribute  to  more  exact  knowledge^ 
and  they  will  materially  assist  the  development  of  those  hypotheses  which 
are  current  amongst  advanced  geologists  into  fixed  theories.  I  do  not 
think  that  any  geological  theory  worthy  of  the  term,  and  which  has  origi- 
nated from  geologic^  induction,  will  be  upset  by  these  careful  investiga- 
tions into  the  bathymetrical  distribution  of  life  and  temperature.  The 
theories  involving  pressure  and  the  intensity  of  the  hardness  of  deep-sea 
deposits  will  suffer  from  the  researches ;  but  many  difficulties  in  the  way 
of  the  paleontologist  will  be  removed.  The  researches  tend  to  explain 
the  occurrence  of  a  magnificent  deep-sea  coral-fauna  in  the  Palaeozoic 
times  in  high  latitudes,  and  of  Jurassic  and  Cainozoic  faunas  on  the 
same  area,  and  they  favour  the  doctrines  of  uniformity.  They  ex- 
plain the  cosmopolitan  nature  of  many  organisms,  past  and  present,  which 
were  credited  with  a  deep-sea  habitat,  and  they  afford  the  foundations  for 
i  theory  upon  the  world-wide  distribution  of  many  forms  during  every 
geological  formation. 

It  ia  not  advisable,  however,  to  make  too  much  of  the  interesting 
identities  and  resemblances  of  some  of  the  deep-sea  and  abyssal  forms 
^th  those  of  such  periods  as  the  Cretaceous,  for  instance.    In  the  early 
days  of  geological  science  there  was  a  favourite  theory  that  at  the  expira- 
tion of  a  period  the  whole  of  the  life  of  the  globe  was  destroyed,  and 
that  at  the  commencement  of  the  succeeding  age  a  new  creation  took 
t^lace.     There  were  as  many  destructions  and  creations  as  periods  ;  or,  to 
\ue  the  words  of  an  American  geologist,  there  was  a  succession  of  plat- 
forms.    This  theory  held  back  the  science,  just  as  the  theory  that  the  sun 
^erolved  round  the  earth  retarded  the  progress  of  astronomy.     Moreover 
it  had  that  armour  of  sanctity  to  protect  it  which  is  so  hard  to  pierce  by 
the   most  reasonable  opposition.      Nevertheless  every  now  and  then  a 
geologist  recognized  the  same  fossils  in  rocks  which  belonged  to  different 
periods.     A  magnificent  essay  by  Edward  Forbes  on  the  Cretaceous  Fossils 
f»f  Southern  India,  a  wonderful  production  and  far  before  its  age  '*',  gave 
hope  and  confidence  to  the  few  palaeontologists  who  began  to  assert  that 

*  Quart  Journ.  GooL  Soc.  vol.  i.  p.  79. 
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periods  were  perfecdj  artificial  notions — that  it  did  not  fiiDow,  beense 
one  set  of  deposits  was  forming  in  one  part  of  the  world,  othera  eiactly 
corresponding  to  it  elsewhere^  so  far  as  the  organic  remains  are  conceraed, 
were  contemporaneous — and  that  life  had  progressed  on  the  globe  oontina- 
ouslj  and  without  a  break  from  the  dawn  of  it  to  the  present  time. 

The  persistence  of  some  species  through  great  rertical  ranges  of 
strata,  and  the  relation  between  the  world-wide  distribution  of  forma  and 
this  persistence  were  noticed  by  D'Archiac,  De  Yemeuil,  Forbegi  and 
others.  The  identity  of  some  species  in  the  remote  natural-hiatoiy  pro- 
Tinces  of  the  existing  state  of  things  was  established  in  spite  of  the  dog- 
matic opposition  of  authorities ;  and  then  geologists  accepted  the  theories 
that  there  were  several  natural-history  prorinces  during  eyery  artificial 
period,  that  some  species  lived  longer  and  wandered  more  than  others^  and 
that  some  have  lasted  even  from  the  PalieoKoic  age  to  the  present. 

Persistence  of  type  was  the  title  of  a  lecture  delivered  by  Professor 
Huxley*  many  years  ago ;  and  this  persistence  has  been  admitted  by  evoy 
palceontologist  who  has  had  the  opportunity  of  examining  large  aeries  it 
fossils  from  every  formation  from  all  parts  of  the  world. 

Geological  ages  are  characterized  by  a  number  of  organisms  which  are 
not  found  in  others,  and  by  the  grouping  of  numerous  species  which  are 
allied  to  those  of  preceding  and  succeeding  times,  but  which  are  not  iden- 
tical. Certain  portions  of  the  world's  surface  were  tenanted  by  particular 
groups  of  forms  during  every  geological  age ;  and  there  was  a  similarity  of 
arrangement  in  this  grouping  under  the  same  external  physical  conditions. 
To  use  Huxley's  term,  the  "  homotaxis  "  of  certain  natural-history  pro- 
vinces during  the  successive  geological  ages  has  been  very  exact.  The 
species  differed  ;  but  there  was  a  philosophy  in  the  consecutive  arrange- 
ments of  high-land  and  low-land  faunas  and  floras,  and  of  those  of  shallow 
seas,  deep  seas,  oceans,  and  reef-areas.  The  oceanic  f  conditions,  for  in- 
stance, can  be  traced  by  organic  remains  from  the  Laurentian  to  the  present 
time,  and  the  deep-sea  corals  now  under  consideration  are  representative  o: 
those  of  older  deep  seas. 

It  is  not  a  matter  for  surprise,  then,  that,  there  being  such  a  thing 

persistence  of  type  and  of  species,  some  very  old  forms  should  have  live 

on  through  the  ages  whilst  their  surroundings  were  changed  over  and  ove 

again.     But  this  persistence  does  not  indicate  that  there  have  not  bee 

sufficient  physical  and  biological  changes  during  its  lasting  to  alter  the  fac 

of  all  things  enough  to  give  geologists  the  right  of  asserting  the  successio 

of  several  periods.     The  occurrence  of  eariy  Cainozoic  Madreporaria  i 

the  deep  sea  to  the  north-west  of  Great  Britain  only  proves  that  certai 

forms  of  life  have  persisted  during  the  vast  changes  in  the  physical  geo 

graphy  of  the  world  which  were  initiated  by  the  upheaval  of  the  Alps,  th 

Himalayas,  and  large  masses  of  the  Andes.    To  say  that  we  are  therefo: 

*  Royal  Institution.    Seo  also  Free.  Address,  Gcol.  See,  1870. 
t  P.  M.  DimcuD,  Quart.  Joom.  Qeol.  Soc.  I^o.  101. 
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still  in  the  Cainozoic  or  Cretaceous  age  would  hardly  he  consistent  with  tlie 
necessary  terminology  of  geological  science. 

During  the  end  of  the  Miocene  age  and  the  whole  of  the  Pliocene  the 
Sicilian  area  was  occupied  by  a  deep  sea.  The  distinction  between  the 
faunas  of  those  times  and  the  present  becomes  less,  year  after  year,  as 
science  progresses ;  and  it  is  evident  that  a  great  number  of  existing  species 
of  nearly  every  class  flourished  before  the  occurrence  of  the  great  changes 
m  physical  geology  which  have  become  the  artificial  breaks  of  tertiary 
geologists.  That  the  Cainozoic  deep-sea  corals  should  resemble,  and  in 
some  instances  should  be  identical  in  species  with,  the  forms  now  inhabiting 
vast  depths,  is  therefore  quite  in  accordance  with  the  philosophy  of  modem 
geology.  Before  the  deposition  of  the  Cainozoic  strata,  and  whilst  the 
deep-sea  deposits  of  the  Eocene  age  were  collecting  in  the  Franco-British 
area,  there  was  a  Madreporarian  fauna  there  which  was  singularly  like  unto 
that  which  followed  it,  both  as  regards  the  shape  of  the  forms  and  their 
genera.  Still  earlier,  during  the  ^ow  subsidence  of  the  great  Upper  Cre* 
taoeons  deep-sea  area,  there  was  a  coral-fauna  in  the  north  and  west  of 
Europe,  of  which  the  existing  is  very  representative.  The  simple  forms 
predominate  in  both  faunas.  Caryophyllia  is  a  dominant  genus  in  either ; 
and  a  branching  Synhelia  of  the  old  fauna  is  replaced  in  the  present  state 
of  things  by  a  branching  Lophohelia,  The  similarity  of  deep-sea  coral* 
&nnas  might  be  carried  still  further  back  in  the  world's  history ;  but  it 
must  be  enough  for  my  purpose  to  assert  the  representative  character  and  the 
homotaxb  of  the  Upper  Cretaceous,  the  Tertiary,  and  the  existing  deep- 
sea  coral-faunas.  This  character  is  enhanced  by  the  persistence  of  types ; 
but  still  the  representative  faunas  are  separable  by  vast  intervals  of  time. 


March  Sly  ISrO. 

Lieut-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

"Xhe  following  communications  were  read : — 

^-  "  On  the  Relation  between  the  Sun's  Altitude  and  the  Chemical 
Intensity  of  Total  Daylight  in  a  Cloudless  Sky.*'  By  Henry 
E.  RpscoE,  F.R.S.,  and  T.  E.  Thorpe,  Ph.D.  Received  March 
3,  1870. 

(Abstract.) 

In  this  communication  the  authors  give  the  results  of  a  series  of  deter- 
minations of  the  c1:emical  intensity  of  total  daylight  made  in  the  autumn 
^f  1867  on  the  flat  tableland  on  the  southern  side  of  the  Tagus,  about 
^\  miles  to  the  south-east  of  Lisbon,  under  a  cloudless  sky,  with  the  object 
Of  ascerlaining  the  relation  existing  between  the  solar  altitude  and  the 
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chemical  intensitj.  The  method  of  measuranent  adopted  waa  thai  de* 
scribed  in  a  preyious  communioatbn  to  the  Socie^*,  founded  upon  the 
exact  estimation  of  the  tint  which  atandard  aensitrre  paper  aaaamca  when 
exposed  for  a  given  time  to  the  action  of  daylight.  The  experimenta  were 
made  as  follows : — 

1 .  The  chemical  action  of  total  daylight  waa  ohaer?ed  in  the  ordinaiy 
manner. 

2.  The  chemical  action  of  the  diffused  daylight  waa  then  ohaored  by 
throwing  on  to  the  exposed  paper  the  shadow  of  a  amallU^ened  braaaball, 
])laced  at  such  a  distance  that  its  apparent  diameter,  seen  ftom  the  poaition 
of  the  paper,  was  slightly  lai^r  than  that  of  the  aan*a  disk. 

3.  Observation  No.  1  waa  repeated. 

4.  Observation  No.  2  was  repeated. 

The  means  of  observations  1  and  3  and  of  2  and  4  were  then  taken.    The 
sun*B  altitude  was  determined  by  a  sextant  and  artificial  horiaon,  im* 
mediately  before  and  immediately  after  the  obaervationa  of  ehemioal  in» 
tensity,  the  altitude  at  the  time  of  observation  being  aaoertained  hj" 
interpolation. 

It  was  first  shown  that  an  accidental  variation  in  the  pontion  of. the 
ball  within  limits  of  distance  from  the  paper,  vaiying  fW>m  140  millimi. 
230  millims.,  was  without  any  appreciable  effect  on  the  reaulta.    One 
the  134  sets  of  observations  was  made  aa  nearly  as  possible  every  hour, 
they  thus  naturally  fall  into  seven  groups,  vis. ;— « 

(1)  Six  hours  from  noon,  (2)  five  hours  from  noon,  (3)  four  honra  fi 
noon,  (4)  three  hours  from  noon,  (5)  two  hours  from  noon,  (6)  one  ho 
from  noon,  (7)  noon. 

Each  of  the  first  six  of  these  groups  contains  two  separate  sets  of  obaerva 
tions, — (1)  those  made  before  noon,  (2)  those  made  after  noon.     It  h 
already  been  pointed  outf ,  from  experiments  made  at  Kew,  that  the  mea: 
chemical  intensity  of  total  daylight  for  hours  equidistant  from  noon  is  th< 
same.    The  residts  of  the  present  series  of  experimenta  prove  that  thia  co: 
elusion  holds  good  generally ;  and  a  Table  is  given  showing  the  close  a] 
proximation  of  the  numbers  obtained  at  hours  equidistant  from  noon. 

Curves  arc  given  showing  the  daily  march  of  chemical  intensity 
Lisbon  in  August,  compared  with  that  at  Kew  for  the  preceding  An 
and  at  Para  for  the  preceding  April.    The  value  of  the  mean  chemi 
intensity  at  Kew  is  represented  by  the  number  94*5,  that  at  Lisbon 
1 10,  and  that  at  Para  by  313*3,  light  of  the  intensity  1  acting  for  24  hou 
being  taken  as  1000. 

The .  following  Table  gives  the  results  of  the  observations  arran 
according  to  the  sun's  altitude. 

*  Roscoo,  Dakerian  Lecture,  1865.  t  l^bil.  Trans.  18C7,  p.  558. 
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Chemical  Intenaity, 
of  obtenrationi.     Mean  altitude.        Sun.  Sky.  TotaL 

15 9  51  0000  0-038  0-038 

18 19  41  0-023  0-063  0-085 

22 3114  0052  0-100  0-152 

22 42  13  0100  0-115  0215 

19 53  09  0136  0-126  0-262 

24 6108  0195  0132  0-327 

11  ....r...  64  14  0-221  0-138  0359 

rves  are  given  showing  the  relation  between  the  direct  sunlight  (column 
and  diffuse  daylight  (column  4)  in  terms  of  the  altitude.  The  curve  of 
set  sunlight  cuts  the  base  line  at  1 0^,  showing  that  the  conclusion  formerly 
[yed  at  hy  one  of  the  authors  is  correct,  and  that  at  altitudes  below  10^ 
t  direct  sunlight  is  robbed  of  almost  all  its  chemically  active  rays.  The 
ition  between  the  total  chemical  intensity  and  the  solar  altitude  is  shown 
be  represented  graphically  by  a  straight  line  for  altitudes  above  10*^,  the 
lition  of  the  experimentally  determined  points  lying  closely  on  to  the 
light  line. 

i  limilar  relation  has  already*  been  shown  to  exist  (by  a  far  less  complete 
lei  of  experiments  than  the  present)  for  Kew,  Heidelberg,  and  Pard ; 
that  although  the  chemical  intensity  for  the  same  altitude  at  different 
ees  and  at  different  times  of  the  year  varies  according  to  the  varying 
osparency  of  the  atmosphere,  yet  the  relation  at  the  same  place  between 
tnde  and  intensity  is  always  represented  by  a  straight  line.  This  varia- 
1  in  the  direction  of  the  straight  line  is  due  to  the  opalescence  of  the 
losphere ;  and  the  authors  show  that,  for  equal  altitudes,  the  higher  inten- 
'  is  always  found  where  the  mean  temperature  of  the  air  is  greater,  as  in 
amer,  when  observations  at  the  same  place  at  different  seasons  are  corn- 
ed, or  as  the  equator  is  approached^  when  the  actions  at  different  places 

jBxamined.    The  differeuces  in  the  observed  actions  for  equal  altitudes, 
ieh  may  amount  to  more  than  100  per  cent,  at  different  places,  and  to 
jrly  as  much  at  the  same  place  at  different  times  of  the  year,  serve  as 
ict  measurements  of  the  transparency  of  the  atmosphere. 
Phe  authors  conclude  by  calling  attention  to  the  close  agreement  between 

curve  of  daily  intensity  obtained  by  the  above-mentioned  method  at 
tbon,  and  that  calculated  for  Naples  by  a  totally  different  method. 

*  PhiLTrani.  1867,p.  555. 
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II.  ''On  the  Acids  contained  in  Crab-oil/'  By  William  J.  Wonvoi, 
Student  in  the  Laboratory  of  the  Government  School  of  Science, 
DubUn.  Commonicated  by  Dr.  Maxwell  SinpspN.  BeoeiTed 
March  7, 1870. 

Crab-oil  is  obtained  from  the  nuts  of  a  tree  named  by  botanists  JJjr&H 
carpus  carapa,  and  also  Carapa  Guianeruis,  The  tree  grows  abnndantly 
in  the  forests  of  British  Guiana ;  the  oil  is  prepared  by  the  Indians,  wlio 
bring  it  to  George  Town  for  sale.  The  oil  is  obtained  froja  the  kernels  by 
boiling  them  for  some  timc»  and  then  placing  them  in  heaps  and  leaving 
them  for  some  days  ;  tbey  are  then  skinned^  and  afterwards  triturated  in 
wooden  mortars  until  reduced  to  a  paste,  which  is  spread  on  inclined  boards 
and  exposed  to  the  sun ;  the  oil  is  thus  melted  out,  and  trickles  into 
receiving-vessels. 

As  no  inTestigatioD,  so  far  as  I  have  been  able  to  ascertain,  has  ever  been 
made  of  the  acids  contained  in  this  oil,  Professor  Galloway,  to  whom  I  am 
indebted  for  the  samples  of  the  oil,  recommended  me  to  examine  them ;  and 
the  examination  was  conducted  under  his  direction. 

The  oil  was  in  the  state  in  which  it  is  sold  by  the  Indians ;  it  possessed 
the  appearance  of  a  semifluid  butyraceous  mass,  evolving  a  peculiar  pene- 
trating odour ;  its  melting-point  was  55^  C.  To  obtain  the  adds,  the  oil  was 
saponified  with  a  solution  of  potassic  hydrate,  and  the  soap  thus  obtained 
dissolved  in  a  large  quantity  of  distilled  water  ;  to  the  solution  sodic  chlo- 
ride was  added  in  considerable  excess ;  the  soap  which  separated  was 
washed  and  afterwards  dissolved,  and  the  solution  treated  with  hydro- 
chloric acid ;  the  liberated  fatty  acids  were  collected  and  pressed,  then 
melted  in  boiling  water,  and  frequently  washed  to  remove  all  traces  of  sodic 
chloride ;  the  acids  were  again  saponified,  and  again  treated  with  sodic 
chloride,  but  the  soda-soap  was  on  this  occasion  decomposed  with  tartaric 
acid.     The  mixed  acids  had  a  melting-point  of  40^  C. 

The  acids  were  dissolved  in  boiling  alcohol  of  89  per  cent. ;  the  solution^ 
on  cooling,  deposited  a  white  radiated  crystalline  mass,  which  was  repeatedl/" 
recrystallized  from  alcohol  until  it  acquired  a  constant  melting-point ;  it  wa^ 
then  saponified  with  a  solution  of  potassic  carbonate,  and  the  solution  of  th^ 
mixed  potash  salts  was  evaporated  to  dryness  on  the  water-bath ;  the  fa^ 
salt  was  then  dissolved  in  absolute  alcohol.  The  alcohohc  solution,  unles^ 
extremely  dilute,  does  not  crystallize  on  cooling,  but  merely  forms  a  stron^g 
jc»lly,  which  was,  after  pressing,  dissolved  in  water,  and  the  fat  acid  sepa-^ 
rated  by  a  strong  solution  of  tartaric  acid  ;  the  separated  acid  was  washe(^ 
with  boiling  water  until  all  potassic  tartrate  and  tartaric  acid  were  removed  ^ 
it  was  subsequently  twice  crystallized  from  absolute  alcohol :  its  melting^-* 
point  was  then  found  to  be  57°  C.  The  acid,  when  pure,  presents  the  ap^ 
pcarnnce  of  a  white  glistening  radiated  crystalline  mass  :  two  combustion^ 
were  made ;  the  acid  employed  in  the  two  analyses  was  obtained  frora^- 
two  different  saponifications : — 
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I.  -269  grm,  gave  '7115  CO,  and  295  HaO=-194  C  and  -032711. 

II.  -1731  grm.  gave -4748  CO,  and -1 95  H,0== -1295  0  and  -02108  II. 
Percentage  composition : — 

I*  II.  Mean. 

Carbon 74*900  74-812  74-850 

Hydrogen 12-624  12-516  12-570 

Oxygen 12-476  12-672  12574 

^"^■^^^■^■^^^  ^M^^^ii^^^^^^  m^^im^i^^m^am^am 

100-000     100-000     100-000 

These  analyses*  it  will  be  seen*  agree  very  closely  with  the  formula  for 
palmitic  acid,  C^,  H,,  O^. 

Ctlcolatcd 
At.  weight.  percentage  composition. 

Ci«  192  75-00 

H„ 32  12-50 

O,  32  12-50 

256  100-00 

Preparation  of  the  Soda-salt. — ^The  acid  was  saponified  with  a  dilute 
Bolution  of  sodic  carbonate,  the  jelly-like  mass  was  pressed  and  dried,  and 
the  fat  salt  dissolved  out  with  absolute  alcohol ;  the  alcoholic  solution,  when 
cold,  gelatinized ;  the  gelatinous  mass  was  pressed,  dried,  and  dissolved  in 
alcohol,  and  filtered  :  this  salt  was  not  analyzed. 

Preparation  of  the  Silver-salt, — The  soda-salt  was  dissolved  in  hot  water 
and  precipitated  by  argentic  nitrate ;  the  precipitate  was  washed  in  the 
dark ;  the  analysis  of  this  salt  yielded  the  following  results  : — 
I.  -2255  grm.  gave  -067  grm.  Ag, 
II.  '5088  grm.  gave  *152  grm.  Ag. 

III.  -6044  grm.  gave   1-1572  grm.    CO^    and    -4555  grm.  11,0=5 
'3156  grm.  C  and  -05061  H. 

IV.  -3267  grm.  gave  -634  grm.  CO,  and  -257  grm.  II,0=-1729  C 
»d  -02855  H. 

Percentage  composition : — 

I.  II.  Mean. 

Carbon 52-21 7  52-923  52-570 

Hydrogen 8-373  8-739  8-556 

Oxygen 9-698  8*464  9*08 1 

Silver 29712  29  874  29793 

100000  100-000  100-000 

The  following  are  the  calculated  numbers  for  argentic  palmitatc  : — 
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At*  wdgtllL     FCfOOlitgA  COBpOlllilML 

C„    192  52*89 

H„  31  8-54 

O,    32  8-82 

Ag   108  2975 

363  100*00 

Preparation  of  the  Ether. — Dry  hydrochloric  acid  gas  was  passed  to 
Faturation  through  a  warm  solution  of  the  acid  in  absolute  alcohol ;  the 
solution  was  then  diluted  with  water,  which  caused  the  ether  to  separate  ai 
a  yellowish  oil,  which,  as  it  became  cold,  assumed  the  appeanmce  of  i 
waxy  body ;  it  was  boiled  with  water,  and  afterwards  agitated  with  a  hot 
dilute  solution  of  sodic  carbonate ;  it  was  again  dissolved  in  alcohol,  and 
precipitated  from  this  solution  by  water ;  it  was  then  collected  and  dried; 
its  analysis  yielded  the  following  results  :-* 

I.  -2197  grm.  gave  -6112  grm.  of  CO,  and  -25  gnn.H,0--1667Gaiid 
-0278  H. 

II.  -204  grm.  gave  '567  grm.  of  CO,  and  -233  grm.  of  H,  O  =-15464  C 
and  -02589  H. 

Percentage  composition : — 

I.  II.  Mem. 

Carbon     75-876  75'803  75-839 

Hydrogen    12643  12691  12-667 

Oxygen    11-481  11-506  11-494 

100-000  100000  100-000 

The   following   are    the    calculated    numbers    for  ethylic    palmital 
C,oH3,(C,H,)0,:- 

At.  weight.  Percentage  composition. 

C„    216  76-05 

n,e   36  12-68 

O, 32  11-27 

284  100-00 

Preparation  of  the  Baric  Salt, — A  hot  alcoholic  solution  of  the  aci  ^ 
was  saturated  with  ammonia  in  slight  excess,  and  boiled  with  a  solution  o^ 
bnric  acetate  ;  the  precipitate  falls  as  a  white  flocculcnt  mass,  which,  whc^ 
thoroughly  washed,  dried,  and  powdered,  has  the  appearance  of  a  glistening 
spongy  powder. 

I.  -27G  grm.  gave  -0625  grm.  of  Ba  0=23-64  per  cent. 
II.  -752        „         -17906         „  =23-81       „ 

Theory  requires 23*65 

I  did  not  consider  it  necessary  to  make  a  rnrbon  and  hydrogen  determi-^ 
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ion  of  the  baric  salt,  or  to  examine  any  other  salts  of  the  acid,  as  the 
lysis  of  the  acid,  the  silver-salt,  and  the  ether,  along  with  the  determina- 
i  of  the  baryta  in  the  baric  salt,  I  considered  sufficiently  indicated  that 
add  under  examination  was  palmitic  acid,  although  I  could  never 
lin,  even  after  fractional  precipitation,  a  higher  melting-point  for  the 
Ithandr'a 

%e  difference  in  the  melting-points  of  the  acid  mass  before  it  was 
ited  with  alcohol,  and  the  melting-point  of  the  palmitic  acid,  indicated 
t  at  least  one  other  add  was  present,  but  in  very  minute  quantity, 
attempted  to  determine  the  nature  of  the  acid  of  lower  melting-point 
exposing  the  residues  obtained  from  the  first  three  crystallizations  of 
hard  acid  to  cold  in  a  bath  of  sodic  sulphate  and  hydrochloric  acid,  all 
bard  acid  which  crystallized  out  being  rejected;  the  portion  which  re- 
ned  fluid  was  saponified  with  potassic  carbonate,  and  the  solution  of  the 
ish  soap  was  subjected  to  fractional  precipitation  by  means  of  plumbic 
ate  ;  the  second  and  smaller  precipitate  was  collected  and  washed,  and 
ted  for  some  time  at  a  moderate  temperature  with  dilute  sulphuric 
;  this  caused  the  separation  of  a  reddish  oily-looking  liquid  which 
collected  and  dbsolved  in  boiling  alcohol ;  it  was  afterwards  saponified 
i  potassic  carbonate,  and  the  silver-salt  prepared  from  that  salt.  I 
'  obtained  sufficient  of  the  silver-salt  from  about  2  lbs.  of  oil  to  make 
determination  of  the  silver  and  one  of  the  carbon  and  hydrogen,  and 
1  these  determinations  I  did  not  obtain  concordant  results,  and  want  of 
erial  compelled  me  to  relinquish  the  further  examination  of  the  acid* 


Presents  received  March  10,  1870. 

laactions. 

ordeaux: — ^Aoaddmie  Impdrialo  dos  8cionces,  Bellcs-Letires  ot  Arts. 
Actes.     3'  Bene,  30«  annee  1868,  S""*  trimostre.  8vo.  Paris  1868. 

The  Academy. 
Lsbon : — ^Musou  Nacional.     Sec^^  Zoologica.   Catalogo  das  CoUec^ocs 
Omithologicas.  Junho  de  1869.  8vo.  Lisboa  1869. 

The  Museum. 
ewcastle-on-Tyno : — Iron  and  Steel  Institute.    Transactions,  Session 
1869.  (Nos.  1-^.)    8vo.  Newcastle-on-Tyne  1869. 

The  Secretary. 

aris: — ^Eoole  des  Mines.    Annales  des  Mines.    2,  3,  4  livraisons  de 

1869.  8vo.  Paris.  The  School, 

Ecole  Normale  Supdrieure.     Annales  Scientifiqiies,  par  L.  Pasteur. 

Tome  VI.  Nos.  2-6.  4to.  Paris  1869.  The  School. 
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Transactions  (continued). 

Siena: — II.  Accademia  de' Fisiocritici.     dasse  doUo  Scicnzo  Hsicho. 
lU>ista  Sdentifica.  Anno  1.  Faae.  2-3.  8vo.  Siena  1869. 

The  Academy. 

Turiu : — llogio  Osseiratorio  dell'  Uniyeredtii.    BoUettino  lieteorologiGO 

cd  Astronomico.  Anno  4, 1869.  4to.  The  Observatory. 

Ziirich: — Moteorologischo  Centralanstalt  dcr  schweixeriflohen  natiu^ 

forschcndon   Gesellschaft     SehweueriBohe  IfeteorologiBehe  Beo- 

bachtungen.  Sept.-Dec.  1868,  Jan.-Feb.  1869.  4to.  Zuru^. 

The  Institution. 

Aoust  (I'Abbe.)    Th(5oric  des  Coordonnccs  Curvilignes  quclconqncs.  8  pte. 
4to.     Borne  et  Milan  1864-69.     Sur  Ics  Coordonndes  GmrilignGV- 
planes  quelconqucs.    4to.    Parts  1859.     Snr  T Analyse  dcs  CourbesB- 
rapportees  Ik  un  syst^me  quelconque  do  Coordonnccs.     4to.  Parfi 
1869.  The  Author 

Plateau  (J.)     Rechcrches  cxperimcntalcs  ct  theoriqucs   sur  Ics  Figu 
d'Equilibre  d*uno  masse  liquide  sans  pesautcur.    Series  9-11.    4to 
Bruxelles  1868.  The  Author 

W'licatley  (H.  B.)    Bound  about  Piccadilly  and  Pall  MaU ;  or  a  Bamblc 
from  the  HajTnarket  to  Hyde  Park.  8yo.  London  1870.    Tlie  Author 

"NVolf  (11.)     Mateiiaux  divers  pour  Thistoiro  des  Mathematiques.     4t 
Borne  1800.  Tho  Autho 


Marcli  17,  1870. 

Transactions. 

Edinburgh: — Geological  Society.    Transactions.   Vol. I.   Part  3.   ^xc:^ 
minhunjh  1870.  The  Sociotw^ 

London: — ^Meteorological  Office.    Weather  Beports,  July  1st  to  Dc^r^ 
cembcr  31,  1860.  fol.  London,    Minutes  of  the  Proceedings  of 
Meteorological  Committee,  1869.  fol.  London  1870. 

The  Offio 
St.  Petersburg : — Acadcmio  Imperiale  des  Sciences.    Memoires.    Ton 
XIII.  No.  8;  Tome  XIV.  Nas.  1-7.    4to.     ISt.  PeUr^hoiu^j  l%(^i 
Bulletin.  Tome  XIV.  Nos.l,  2.  4to.  St.  FeUrshourg  1869. 

Tlie  Academ 
Turin  : — 11.  Accademia  delle  Scionze.  Atti.   Vol.  IV.   Disp.  1-7.    8v( 
Torino  1800.     Sunti  dei  Lavori  Scicntifici  letti  o  discussi  nell 
Classe  di  Scicnzo  Morali,  Storiche  o  Filologiche  dal  1859  al  186- 
scritti  da  Gaspare  Gorresio.  8vo.  Torino  1868.  The  Academ 


Brown  (B(»bert.)    On  the  Geographical  distribution  and  physical  cbarac 
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ieristios  of  fhe  Coal-fiolds  of  the  North  Pacific  Coast.  Svo.   Edin^ 
burgh  1869.  The  Author. 

Ghirardini  (A.)  Stadj  sulla  Lingua  Umana,  Bopra  alcune  antiche  Inscri- 
zione  e  snlla  OrtognAA  Italiana.  8yo.  Milano  1869.        The  Author. 

Xamy  (A.)    Bur  nne  nouvelle  esp^co  de  Thermometres.  4to.  Paris  1870. 

The  Author. 

Lartot  (E.)  and  Christy  (K.)  BeliquisB  Aquitanicse,  being  contributions  to 
the  ArchsBology  and  Pal^Bontology  of  Pcrigord ;  edited  by  T.  Eupert 
Jones.  Part  10.  4to.  Zon^on  1870.  The  Executors  of  Henry  Christy, 
Esq. 

Price  (J.  E.)  A  Description  of  the  Boman  Tessellated  Pavement  found  in 
Bucklersbury,  with  Observations  on  analogous  discoveries.  4to. 
Westminster  1870. 

The  Library  Committee  of  the  Corporation  of  London. 

Smyth  (C.  Piam,  F.ILS.)  A  Poor  Man's  Photography  at  the  Great 
Pyramid  in  the  year  1865,  compared  with  that  of  the  Ordnance 
Survey  Establishment  subsidized  by  London  Wealth.  Svo.  London 
1870.  The  Author. 

Traill  (G.  W.)  An  Elementary  Treatise  on  Quartz  and  Opal,  including 
their  varieties.  New  edition.  Svo.  Edinburgh  1870.         The  Author. 


^Joierican  Ephemeris  and  Nautical  Almanac  for  the  year  1871.    Svo. 
Washington  1869.  The  Secretary  of  the  United  States'  Navy. 


March  24,  1870. 

^Yansactions. 

Berlin: — Physikalische  Gcsellschaft.   Die  Fortschritte  der  Physik  im 
Jahrel866.    XXII.  Jahrgang.    Svo.   Berlin  1869.      The  Society. 
Berliner  Astronomisches  Jahrbuch  fur  1872,  mit  Ephemeriden  dcr 
Planeten  (1)-(108)  fiir  1870 ;   herausgegcben  von  W.  Foerstcr. 
Svo.  Berlin  1870.  The  Berlin  Observatory. 

Calcutta: — Asiatic  Society  of  Bengal.    Journal,  1869.  Part  1,  No. 3; 
Part  2,  No.  4.    Proceedings,  No.  10,  Svo.   Calcutta  1869. 

The  Society. 
Leeds : — Geological  and  Polytechnic  Society  of  the  West  Biding  of  York- 
shire.   Beport  of  the  Proceedings,  1869.  Svo.  Leeds  1870. 

The  Society. 

London : — Boyal  United   Service  Institution.     Journal.     Vol.  XIII. 

Noe.  54-66.  Svo.  London  1869.  The  Institution. 
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Transactioiis  (continued), 

St.  Petersburg : — Central  Physical  Observatory.  Bcportoiiiim  fBr  Uc- 
tcorologio  redigirt  von  Dr.  Heinrich  Wild.  Band  L  Heft  1.  4to. 
St.  Petersburg  1869.  VoFsohlago  betreffend  die  Beorgaiiiaatioii  dec 
Mctcordiogischoa  lioobachtongs-ByatemeB  in  BonJand.  8yo.  8i*P^ 
t€r^urglSQ9.  Tho  Obfiervatoiy. 

Bianconi  (J.  J.)    Spocimina  Zoologica  Mosambicana.   Fasc.  19  et  20.  4to. 

Bononics  18G7.      Comparaziono  dell'  Organo  fossorio  della  Talpa  o 

della  Grillotalpa.  4to.  Bologna  1S69.  The  Author. 

Chimmo  (Wm.)  Bed  of  tho  Atlantic.  4to.  WegnwuJtk  1870.  Tho  Author. 
Favrc  (Alphonse.)    Do  I'Ezistence  do  PHomme  k  Pdpoqae  teitiaire.   8yo. 

Lausanne  1870.   U.  B.  do  Saossurc  ot  les  Alpes.  8to.  Lausanne  1870. 

The  Anthor. 
Molde  (F.)    Exporimentaluntcrsnchnngen  iiber  Blaaonbildung  in  kreis- 

formig  cylindrischen  Eohrcn.    Zweitor  Abschnitt.  QneoksilberblftBcn. 

8vo.  Marburg  1870.  The  Anther. 

Williams  (C.  J.  B.,  F.KS.)    Authentic  Narrative  of  the  Case  of  the  late 

Earl  St.  Maur.  8yo.  London  1870.  Tho  Author. 


Symons's  Monthly  Meteorological  Magazine.    Kos.  42-45,  47-49.     8vo. 
LoMlon  1809-70.  Tho  Editor. 


Natural  History,  or  second  division  of  "  Tho  English  Cyclopaedia."  Sup- 
plement, roy.  8vo.  London  1870.  Mr.  Alex.  Bamsay,  jun. 

The  First  Proofe  of  tho  Universal  Catalogue  of  Books  on  Art,  compiled  for 
tho  use  of  the  National  Art  library,  and  tho  Schools  of  Art  in  tho 
United  Kingdom.  Vol.  I.  A  to  K.  4to.  London  1870. 

Tho  Lords  of  the  Committee  of  Council  on  Education. 


March  31,  1870. 

Transactions. 

Berwickshire  Naturalists'  Club.  Proceedings.  Vol.  VII.  No.  1.  8vo. 
Alnmck  1869.  The  Qub. 

Leipzig: — Astronomische Gesellschaft.  Vierteljahrsschrift.  JahrganglV. 
Heft  4.  Supplemcnthoft  2.  Jahrgang  V.  Heft  1 .  8vo.  Leipzig 
1869-70.  Tho  Society. 

London : — British  Museum.  Catalogue  of  tho  Specimens  of  Dermaptera 
saltatoria,  by  Francis  Walker.  Part  3.  8vo.  London  1870.  A 
Guide  to  the  Printed  Books  exliibited  to  the  Public.  12mo.  London 
1870.  Tlie  Trustees. 
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TransactionB  (eantinued), 

Bojal  Agricultural  Society.  Journal.  Second  Series.  Yol.  YI.  Part  1. 
8to.  London  1870.  The  Society. 

Melbonme : — ^Boyal  Society  of  Victoria.  Transactions  and  Proceedings. 
Vol  IX.  Part  1,  8vo.  Melbaurru  1868.  The  Society. 

Philadelphia: — Academy  of  Natural  Sciences.  JoumaL  New  Series. 
Vol.  YI.  Part  4.  Vol.  VII.  (Leidy's  Extinct  Mammalian  Fauna  of 
Dakota  and  Nebraska.)  4to.  Philadelphia  1869.  Proceedings, 
1869.  Nos.  1,  2.  8vo.  Philadelphia,  American  Journal  of  Con- 
chology.  VoL  V.  Parts  1,2.  8vo.  Philadelphia  1869-70. 

The  Academy. 


HI«fcddingor(W.  v.,  For.  Memb.  R.  S.)  Ein  vorhomerischer  Fall  von  zwei 
Metcoreisenmasscn  bei  Troja,  1864.  Der  Meteorit  von  Goalpara  in 
Assam,  ncbst  Bemerkungon  iibcr  die  Eotation  der  Mcteoriten  in  ihrem 
Zuge,  1869.  Bemerkungen  zu  Hcrm  Dr.  Stanislas  Meunier's  Note 
iiber  den  Victorit  oder  Enstatit  von  Deesa,  1870.  Keview  of  the 
Boyal  Society  Catalogue  of  Scientific  Papers,  1870.  8vo.   Vienna, 

The  Author. 
"icsrs  (J.,  F.R.S.)     Contributions  to  Botany,  Iconographic  and  Descrip- 
tive, detailing  the  characters  of  Plants  that  are  either  new  or  imper- 
fectly described.  Vol.  II.  4to.  London  1860-09.  The  Author. 
Z^Utedeschi  (Fr.)    Dello  Oscillazioni  calorificho  oraric,  diume,  mensili  ed 
annue  del  1867.  8vo.  Venezia  1870.                                The  Author. 


April  7,  1870. 

^r.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

l!Tie  following  communications  were  read : — 

^'    "Ou  Supra-annual  Cycles  of  Temperature  in  the  Earth's  Surface- 
crust.''     By  Prof.  C.  Piazzi  Smyth,  F.R.S.      Received  March 

4,  1870. 

(Abstract.) 

^he  author  presents  and  discusses  the  completely  reduced  observation?, 

,'^tn  1837  to  1869  inclusive,  of  the  four  great  earth-thermometers  sunk 

JJ^^o  the  rock  of  the  Caltou  Hill,  at  the  Royal  Observatory,  IMiiiburgh, 

y  the  late  Principal  Forbes,  pursuant  to  a  vote  by  the  British  Association 

^^  the  Advancement  of  Science. 

IjeaTing  on  one  side  the  several  natural-philosophy  data  which  have 
^^  inTestigafted  from  smaller  portions  of  the  same  series  of  observations 
Vol.  XYin.  2  b 
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both  by  Principal  Forbes  and  Sir  William  ThomsoD,  the  aathor  applies 
himself  solely  to  trace  the  existence  of  other  cycles  than  the  ordioaiy 
annual  one,  in  the  rise  and  fall  of  the  different  thermometers. 

Of  such  cycles,  and  of  more  than  one  year's  duration*  he  consideii  that 
he  has  discovered  three ;  and  of  these  the  most  marked  has  a  period  of 
11*1  years,  or  practically  the  same  as  Schwabe's  numbers  for  new  groups 
of  solar  spots.  Several  numerical  circumstances,  however,  which  the 
author  details,  show  that  the  sun-spots  cannot  be  the  actual  cause  of  the 
observed  waves  of  terrestrial  temperature,  and  he  suggests  what  may  be, 
concluding  with  two  examples  of  the  practical  use  to  which  a  knowledge  of 
the  temperature  cycles  as  observed  may  at  once  be  turned,  no  matter  to 
what  cosmical  origin  their  existence  may  be  owing. 


II.  "  On  the  Constituent  Minerals  of  the  Granites  of  Scotland^  as 
compared  with  those  of  Donegal.^'    By  the  Rev.  Samuel  Haugh- 
ton, F.R.S.,  M.D.  Dubl,  D.C.L.  Oxon.,  Fellow  of  Trinity  Col- 
lege, Dublin,     Received  March  81,  1870. 

During  the  past  summer  (1869)  I  completed  my  investigation  of  it%it 
constituent  minerals  of  the  Scotch  Granites,  and  secured  specimens,  fr^sD 
the  analysis  of  which  I  obtained  the  following  results  :— 

I.  Orthoclase. 

No.  1.  No.  2.  No.  3.  Nai. 

Silica 65-40  64-44  64-48  64-48 

Alumina 19-04  18-64  20*00  20-00 

Peroxide  of  iron ....    trace.  0-80  none.  none. 

Lime  022  0-66  1-01  0'78 

Magnesia    trace.  trace.  trace.  none. 

Soda   3-63  2-73  1-72  2-19 

Potash    11-26  12-ir>  12-81  12-10 

Water 0-20  080  0-64  0-08 

99-75   100-22   100-66    99-63 

No.  1 .  Stirling  Hill,  Peterhead.  Occurs  in  an  eruptive  Q-ranite,  in  veins, 
in  well-developed  reddish-pink  opaque  crystals,  encrusted  with  crystals  of 
Albite. 

No.  2.  Rubislaw,  Aberdeen.  Large  beautiful  reddish-pink  opaque  crystals 
in  veins,  associated  with  white  Mica.     The  Granite  of  RubisUw  is  of 
metamorphic  origin,  and  different  in  character  from  the  eruptive  Granite 
of  Peterhead.     No  Albite  has  been  found  in  it. 

No.  3.  Peterculter,  Aberdeen,    In  metamorphic  Granite ;  white,  tnos- 
lucent,  large  crystals. 
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No.  4.  Oilleniuh,  extreme  west  of  Lewis.    In  Tnetamorphic  Granite ; 
in  large  grey  crystals,  with  a  slight  shade  of  pink»  translucent 
The  oxygen  ratio  of  these  felspars  is  as  follows : — 

No.  1.  No.  2.  No.  3.  No.  4. 

Silica 33-956  33-456  33-478  33-477 

Alumma&c.  ..     S-898          8950          9-348  9*348 

Lime 0-061          0-187          0-286  0-221 

Soda    0-929          0-699          0440  0-561 

Potash    1-908          2059          2-171  2-051 

45-752        45-351        45-723        45-658 

r 

From  this  Table  we  find  the  oxygen  ratios : — 

No.  1.  No.  2.  No.  3.  No.  4. 

SiUca    11-37  1135  11-55  11-82 

Peroxides 306  304  322  3-30 

Protoxides    1-00  1-00  1-00  1-00 

The  Granites  of  central  and  western  Scotland  are  metamorphic  rocks, 
Sice  those  of  Donegal  and  Norway,  with  which  they  are  geologically  iden- 
^cal;  and  truly  eruptive  Granite  occurs  at  only  a  few  localities,  as»  for 
example,  near  Peterhead. 

The  second  felspar  associated  with  Orthoclase  in  the  Metamorphic 
arvanites  is  Oligoclase,  as  in  Donegal ;   while  the  second  felspar  associated 

ih  Orthoclase  in  the  eruptiye  Granites  is  Albite,  as  in  Mourne,  Leinster, 

d  Cornwall.  The  fact  thus  indicated  by  the  Scotch  Granites  is  com- 
pletely in  accordance  with  the  mode  of  occurrence  of  Oligoclase  and 
^bite  in  the  Irish  Granites. 

II.  Oligoclase, 

No.  1.  No.  2. 

SUica 62-00  61-88 

Alumina    23-20  24-80 

Magnesia Trace. 

Lime 471  493 

Soda 9-20  8-12 

Potash 0-43  098 

99-54  100-71 

No.  1.  This  Oligoclase  occurs  in  the  Granite  of  Craigie-Buckler,  near 
Aberdeen ;  it  is  white  and  opaque,  and  so  much  resembles  CIcavelandite  in 
q>pearance  as  to  have  been  mistaken  for  that  variety  of  Albite ;  its  analysis 
prores  it  to  be  Oligoclase.    The  crystals  do  not  exhibit  striation. 

No.  2.  From  the  Granite  of  Rbiconich,  in  the  west  of  Sutherlandshire ; 

2b  2 
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it  is  greyish  white,  eemitranslacent,  in  large  itriated  eryttali^  and  le- 
sembles  the  Oligoclase  of  Ttterhy,  in  Sweden. 
The  oxygen  ratios  of  the  Oligoclase  are  as  follow :— 


Ko.  1. 

No.  2. 

Silica 

.   32-191 

32-128 

Alomina  ....• , 

.    10-843 
.      1-339 
.     2-360 
.     0072 

11*590 

Lime    •••••••• 

1*400 

Soda 

2-082 

Potash 

0-165 

46-805 

47-365 

Hence  we  obtain  .— 

No.  1. 

Na2. 

Silica 

.     8-54 

8-82 

Peroxides 

.      2-88 

3-18 

Protoxides  

.     1-00 

I'OO 

These  oxygen  ratios  prove  the  felspars  to  be  Oligoclase. 

III.  AlHie. 

Silica 68-00 

Alumina    20-00 

Lime 0'35 

Magnesia trace. 

Soda 10-88 

Potash 0-68 


99-91 


This  Albite  occurs  at  Stirling  Hill,  near  Peterhead,  in  eruptive  Granite, 
and  is  found  associated  with  red  Orthoclase  in  veins ;  it  encrusts  the 
large  crystals  of  Orthoclase,  and  is  semitranslucent,  and  is  generally  stained 
on  the  surface  by  peroxide  of  iron. 

Oxygen  Ratios. 

Silica    35-306     11-77 

Alumina 9-348     3-11 

Lime    0099  \ 

Soda 2-790  1 1-00 

Potash 0-114  J 

This  mineral  is  evidently  a  typical  Albite. 

There  are  two  kinds  of  Mica  found  in  the  Scotch  Granites,  and  both 
Micas  resemble  very  closely  the  corresponding  minerals  of  the  Donegal 
Granites. 
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IV.  White  Mica. 

Silica 44-40 

Fluosilicon  (Si  F,) 0-16 

Alumina    , 37'36 

Peroxide  of  iron   2*04 

lime 078 

Magnesia 0*57 

Soda 0-93 

Potash 9-87 

Protoxide  of  manganese 0*24 

Water   1*84 

98*19 

The  specimen  of  Mica  here  analyzed  came  from  veins  in  the  Granite 
quarry  of  Rubislaw,  near  Aberdeen,  and  occurs  in  large  plates,  associated 
mth  red  Orthoclase.  It  was  carefully  examined  for  lithia,  but  no  trace 
of  this  alkali  could  be  found  in  it. 

The  angles  of  the  rhombic  plates  were  60^  and  120^  exactly,  and  the 
angle  between  its  optic  axes  was  found  to  be  72^  30'. 

The  black  Mica  in  large  crystals  is  very  rare,  but  it  seems  abundantly 
disseminated  in  minute  scales  through  most  of  the  Scotch  Granites.  The 
following  analysis  was  made  on  specimens  found  :iear  Aberdeen  by  Prof. 
Nicol,  and  kindly  forwarded  to  me  by  him,  for  the  purposes  of  this 
paper: — 

V.  Black  Mica, 

Silica 3G-60 

Alumina    16*50 

Peroxide  of  iron    18*49 

Lime , 1*11 

Magnesia 7*44 

Soda 0*92 

Potash 8*77 

Protoxide  of  iron 6'70 

Protoxide  of  manganese 1*80 

Water   1*60 


99-89 


This  mica  was  carefully  examined  for  fluorine,  and  found  not  to  con- 
tain any. 
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III.  Researches  on  Vanadium. — Part  III.     Preliminary  Notice. 
By  Henry  E.  Roscoe,  B.A.,  F.R.S.    Received  April  7, 1870. 

I.  Metallic  Vanadiitii*. 

In  the  second  part  of  "  Researches  on  Vanadium,"  it  was  stated  that 
the  metal  absorhs  hydrogen.  This  conclusion  has  been  fully  borne  out  by 
subsequent  experiment ;  and  it  appears  that  the  amount  of  absorbed  or 
combined  hydrogen  taken  up  by  the  metal  varies  according  to  the  state  of 
division,  first,  of  the  chloride  (VCl,)  from  which  the  metal  is  prepared, 
and  secondly,  and  especially,  of  the  metal  itself.  The  metal  containing 
absorbed  hydrogen  slowly  takes  up  oxygen  on  exposure  to  dry  air,  water 
being  formed  and  the  metal  undergoing  oxidation  to  the  lowest  oxide, 
V,  O.  At  this  point  the  oxidation  stops,  but  in  moist  air  it  proceeds  still 
further. 

The  difficulty  of  obtaining  metallic  vanadium  free  from  admixture  of 
oxide  has  been  again  rendered  evident.  Perfectly  pure  tetrachloride  was 
prepared  in  quantity,  and  from  this  pure  dichloride  was  made.  On  heating 
this  to  whiteness  in  dry  hydrogen  for  48  hours  a  substance  was  obtained 
which  gained  on  oxidation  70*7  per  cent,  (vanadium  requiring  77*79  per- 
centage increase),  and  therefore  still  contained  a  slight  admixture  of  oxide. ' 

The  reducing  action  of  sodium  on  the  solid  chlorides  was  next  examined ; 
in  this  case  the  reduction  takes  place  quietly  in  an  atmosphere  of  hydrogen 
at  a  red  heat,  and  is  best  conducted  in  strong  iron  tubes.  Explosions  occur 
when  sodium  acts  on  the  liquid  tetrachloride.  The  substance  thus  ob- 
tained was  found,  after  lixiviation,  to  be  free  from  chlorine,  and  on  washing 
it  separated  into  two  portions — (1)  a  light  and  finely  divided  black 
powder  (trioxide),  which  remains  in  suspension,  and  is  soluble  in  hydro- 
chloric acid,  and  (2)  a  heavier  grey  powder,  insoluble  in  hydrochloric  add, 
which  soon  deposits,  and  can,  by  repeated  washing,  be  completely  freed 
from  the  lighter  trioxide.  This  bright  grey  powder  consists  of  metaJUc 
vanadium,  mixed  with  more  or  less  oxide.  If  this  metallic  powder,  after 
drying  in  vacuo,  be  reduced  at  a  low  red  heat  in  a  current  of  pure  hydrogen, 
it  takes  fire  spontaneously,  even  when  cold,  on  exposure  to  air  or  oxygen, 
water  being  formed,  whilst  the  vanadium  undergoes  oxidation,  forming  the 
blue  oxide,  V.^  O^.  A  portion  of  metal  exposed  for  some  weeks  to  the  air 
also  slowly  absorbed  oxygen,  passing  into  the  oxide,  V^  O. 

II.  Vanadium  and  Bromine. 

1.  Vayiadiuni  Tribromide,  VBrj,  molec.  wt.=  291'3. — When  excess  of 
bromine  is  ])assed  over  vanadium  mononitride  heated  to  redness,  a  vivid 
action  occurs,  and  dense  dark-brown  vapours  are  formed,  condensing  in  the 
cooler  portions  of  the  tube  to  a  greyish-black,  opaque,  amorphous  mass  of 
the  tribromidc.     The  tribromidc  is  a  very  unstable  compound,  losing  bro- 

*  Phil.  Trans.  18(»0.  p.  07^ 
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mine  even  when  kept  sealed  up  in  glass  tubes ;  it  is  very  deliquescent,  and 
on  heating  in  the  air  rapidly  loses  all  its  bromine  and  takes  up  oxygen, 
with  formation  of  vanadic  acid.  On  being  thrown  into  water,  the  tribro- 
mide  readily  dissolves,  forming  a  brown  liquid  (in  this  respect  resembling 
the  trichloride),  which,  on  addition  of  a  few  drops  of  hydrochloric  acid, 
tuma  of  a  bright  green  colour,  showing  the  presence  of  a  solution  of  an 
hyporanadic  salt.  No  free  bromine  or  hydrobromic  acid  is  given  off  on 
dissolving  the  tribromide  in  water.  That  a  more  volatile  higher  bromide 
was  not  formed  in  this  reaction  was  shown,  inasmuch  as,  on  distilling  the 
excess  of  liquid  which  had  collected  in  the  receiver,  it  was  found  to  consist 
of  free  bromine,  containing  mere  traces  of  the  tribromide  mechanically 
carried  over.  The  tribromide  is  likewise  formed  when  bromine  is  passed 
over  a  red-hot  mixture  of  vanadium  trioxide  and  pure  charcoal,  as  in  the 
preparation  of  the  tetrachloride ;  but  this  method  is  not  one  to  be  recom- 
mended, as  the  tube  becomes  constantly  stopped  up  by  the  formation  of 
the  solid  tribromide. 

The  analysis  of  the  tribromide  was  made  by  dissolving  the  compound  in 
water,  and  precipitating  the  bromine  with  excess  of  nitrate  of  silver,  the 
vanadium  being  estimated  as  V^  O^,  either  in  the  filtrate  from  the  bromide 
of  silver  or  in  a  separate  portion.  The  bromine  in  the  above  determina- 
tions, obtained  by  precipitation  as  silver-salt,  was  invariably  found  to  be 
too  high,  whilst  the  vanadium  nearly  agreed  with  the  theoretical  per- 
centage* This  is  due  to  the  fact  pointed  out^by  Stas,  in  his  *  Recherches,' 
p.  156,  that  bromide  of  silver,  when  boiled,  encloses  mechanically  a  por- 
tion of  the  precipitant,  which  then  cannot  be  washed  out.  The  loss  of 
weight  obtained  by  reducing  the  bromide  to  metallic  silver  in  a  current  of 
hydrogen,  taken  as  bromine,  gave  more  nearly  agreeing  numbers : — 

Calculated.  Mean  of  B  dotcrminationB. 

Vanadium....   V    =  51-3  17-61  18-44 

Moan  of  3  doterminations. 
Bromine    ....   Br3  =  240-0  82-39  80*86 


291-3  100-00  99-30 

2.  Vanadium  Oxtj tribromide,  or  Vanadyl  Tribromide,  VOBrj,  molec.  wt. 
5=307"3, — The  oxytribromide  is  a  dark-red  transparent  liquid,  evolving 
white  fumes  on  contact  with  the  air,  obtained  by  passing  pure  and  dry 
bromine  over  vanadium  trioxide  (V.^  O3)  heated  to  redness.  Moisture  pre- 
Tcnts  the  formation  of  the  oxytribromide  ;  and  it  not  only  undergoes  sudden 
decomposition  when  heated  to  180°,  but  also  slowly  decomposes  at  the  or- 
dinary atmospheric  temperatures.  The  boiling-point  of  the  tribromide 
can,  however,  be  brought  below  its  temperature  of  decom])08ition  by  dis- 
tillation in  vacuo,  and  the  liquid  can  then  be  freed  completely  from  bro- 
mine by  passing  a  current  of  dry  air  through  the  liquid.  Under  a  pressure 
of  100  millims.  the  oxytribromide  boils  from  130°  to  135^  and  may  be 
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distilled  almost  without  decomposition.  Vanadium  oxytribromide  diaadfea 
ia  water,  yielding  a  yellow-coloured  aolutioo,  in  which  both  Tanadtam  and 
bromine  were  determined,  after  reduction  with  sulphuroua  add  :^ 

G&loulated.  Main  of  wrenl  anal  jmi. 

V   =  51-3  16*69  1675 

Br,     =2400  78-10  7920 

O   =  160  5-21  

307-3  10000 

The  specific  gravity  of  the  oxytribromide  at  0^  is  2*967. 

3.  Vanadium  Oxydibromide,  or  Vanadyl  Dibromide,  VOBr,,  molec. 
wt.= 227*3. — This  is  a  solid  substance,  of  a  yellowish-brown  colour, 
obtained  by  the  sudden  decomposition  of  the  foregoug  compound  at  tem- 
peratures above  100°,  or  by  its  slow  decomposition  at  the  ordinary  tem- 
perature. 

The  oxydibromide  is  very  deliquescent,  dissolving  in  water,  with  forma* 

tion  of  a  blue  solution  of  a  vanadious  salt.     When  heated  in  the  air  it  losea 

all  its  bromine,  and  is  converted  into  V,  O,. 

Analysis  gave : — 

CAlculaicd.    Mean  of  aoreral  analyses. 
V =  51*3  22-57  22-45 

Br,    =1600  70*39  70-93 

O ..=   160  7*104  

227-3  10000 

III.  Vanadium  and  Iodine. 

ludnie-vnpour  does  not  attack  cither  the  trioxide  or  the  nitride  at 
red  heat;  both  these  substances  remain  unchanged,  and  no  trace  of  vana- 
dium can  be  detected  in  the  iodine  which  has  passed  over  them. 

IV.  The  Metallic  Vanadates. 

In  the  first  part  of  these  Researches  (Phil.  Trans.  1868)  it  was  pointed 
out  (1)  that  the  salts  analyzed  by  Berzelius  must  be  considered  as  mcta-  or 
monobasic  vanadates,  (2)  that  the  so-called  bivanadates  analyzed  by  Von 
Ilauer  arc  anhydro- salts,  and  (3)  that  the  ortho-  ortribasic  vanadates  con- 
tain 3  atoms  of  monad  metal,  the  sodium  salt  being  formed  artificially  by 
fusing  I  molecule  of  vanadium  pentoxide  with  3  molecules  of  carbonate  of 
soda,  when  3  molecules  of  carbon  dioxide  are  expelled,  whilst  the  ortho- 
salts  occur  native  in  many  minerals.  The  present  communication  contains 
a  description  of  these  classes  of  salts,  as  well  as  of  a  new  class  of  salts,  the 
tetrabasic  or  pyro-vanadates. 

Sodimn  Vanadates, 

\ .  Ori/iO'  or  Tri'Soditim  Vanadate,  Na.,  V0^+ 1 611, 0,,. — When  a  mix- 
ture of  3  molecules  of  Na^  CO,  and  1  molecule  of  V,  O,  is  fused  until  no 
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further  eTolution  of  CO,  is  obserred,  a  tribasic  vanadate  remains  as  a  white 
crystalline  mass.  This  mass  dissolyes  easily  in  water^  and  on  addition  of 
absolute  alcohol  to  the  solution  two  layers  of  liquid  are  formed ;  the  lower 
one  solidifies  after  a  time,  forming  an  aggregation  of  needle-shaped  crystals, 
which  possess  a  strongly  alkaline  reaction.  These  having  been  washed  with 
alcohol,  and  dried  on  a  porous  plate  over  sulphuric  acid  in  vacud,  were 
analyzed  with  the  following  results :  — 

Calculated.  Found. 

Na,    =  690  14-6  13-8 

V  =  51-3  10-86  10-86 

O, =  640  13-56  

16H,0 =288-0  60-97  60-44 

472-3  99*99 

The  sodium  in  this  and  in  the  following  compounds  was  separated  from 
the  vanadium  by  precipitating  the  vanadic  acid  as  the  perfectly  insoluble 
basic  lead  salt  hereafter  described.     This  was  dried  at  100^  and  weighed, 
then  dissolved  in  nitric  acid  and  decomposed  by  sulphuric  acid,  and  the 
solution  of  Vj  O3  in  excess  of  this  acid  gave  on  evaporation  a  finely  crys- 
talline mass.     The  filtrate  from  the  lead  precipitate  freed  from  lead  yielded 
on  evaporation  sodium  sulphate.     Full  analytical  details  of  this  method,  as 
well  as  of  the  other  by  precipitation  as  the  insoluble  ammonium  mcta- 
Tanadate,  are  given  in  the  memoir.     By  frequent  crystallizations  the  tri- 
sodium  vanadate  is  slowly  decomposed  into  the  tetrasodium  salt,  caustic 
soda  being  formed.     This  singular  reaction  was  most  carefully  examined 
and  the  amount  of  sodium  hydroxide  liberated  determined  volumetrically. 
2.  Tetrasodium  Vanadate,  Na^  V^O^-}-  ISII^  O. — This  salt  crystallizes  in 
beautiful  six-sided  tables  ;  it  is  easily  soluble  in  water,  insoluble  in  alcohol, 
and  is  precipitated  by  the  latter  liquid  from  aqueous  solution  in  white 
scales  of  a  silky  lustre.     As  long  as  the  salt  contains  free  alkali  or  tribasic 
Salt,  it  forms,  on  precipitation  with  alcohol,  oily  drops  which  solidify  after 
some  time.     The  tetrasodium  vanadate  is  always  formed  by  the  first  fusion 
of  vanadic  acid  with  excess  of  carbonate  of  soda,  and  can  be  easily  prepared 
hi  the  pure  state  by  recrystallization. 

Foun(f  (mean  of  many 
Calculated.  determinations). 

Na, =  920  H'jS  14-61 

V,    =  102-6  16-27  15-97 

O7     =  112  0  17-27  

I8H3O     ....=  324-0  51-38  51-80 

630-6  99-99 

The  salt  loses  1 7  molecules  of  water  at  1 00°. 

The  corresponding  Calcium  and  Barium    Vanadates,  Ca^  V^  O^,  and 
•a^a  O7,  are  white  precipitates  obtained  by  adding  the  chlorides  to  a 
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solution  of  tetrasodium  vanadate.  If  calcium  chloride  be  added  to  a  adhif 
tion  of  the  trisodium  salt,  dicalcium  vanadate  is  precipitated,  the  eoliitkm 
becoming  strongly  alkaline  from  formation  of  caldam  hydroxide  and 
absorbing  carbonic  acid  from  the  air.  Complete  analysis  showed  that 
the  calcium  salt  contains  2^  molecules  of  water  of  crystallixatioD,  whilst 
the  barium  salt  is  anhydrous. 

Lead  Vanadates. 

1.  Tribasic  or  Ortho-Lead  Fanadatey  Pbg  2 (VO J. —Obtained  as  a  light 
yellow  insoluble  powder  on  precipitating  the  tribasic  sodium  salt  with  a 
soluble  lead  salt ;  it  yielded  on  analysis  11*75  per  cent,  of  yanadiom,  the 
calculated  quantity  being  12*04  per  cent. 

2.  Vanadinite,  the  Double  Orthovanadate  and  Chloride  of  Lead, 
SPb,  VO^+Pb  Clj^,  can  be  artificially  prepared  by  fusing  for  a  few  hours  a 
mixture  of  vanadic  acid,  oxide  of  lead,  and  chloride  of  lead,  in  the  above  pro- 
portions, together  with  an  excess  of  sodium  chloride.  After  cooling,  a 
greyish  crystalline  mass  is  left,  containing  cavities  filled  with  long  crystala 
having  the  same  colour  as  the  mass,  which  under  the  microscope  could  be 
distinguished  as  six-sided  prisms.  The  crystalline  powder  is  then  boiled 
with  water  until  no  further  traces  of  soluble  chlorides  are  extracted. 

The  following  analysis  shows  that  this  substance  has  the  same  composi- 
tion as  the  vanadinites  from  Zimapan  and  Windischkappel,  analysed  by 

Berzelius  and  Rammelsberg*  : — 

Natural  vanadinitc. 

Calculated.         Zimapan,   Windischkappol,     Artificial 
3  (Pbg  VO4)  Pb  Clj.  13erzciiu8.    Bummclsborg.       vanadinite. 

Lead 73*08  70*4  71*20  71-96 

Vanadium 10-8G           9*77  IMl 

Chlorine 2*50  2*54  2*23              2*31 

Oxygen 13*55           -^—  ■ 

The  specific  gravity  of  the  artificial  vanadinite  at  12°  C.  is  6*707,  that 
of  the  natural  being  6-88G. 

3.  Basic  Di-Lead  Vanadate,  2(?\  V.,  0,)  +  Pb  O.— This  salt  is  precipi- 

tated  as  a  pale  yellow  powder  when  acetate  of  lead  is  added  to  a  solution 

of  disodium  vanadate,  the  liquid  acquiring  an  acid  reaction.  It  is  completely 

insoluble  in  water  and  in  dilute  acetic  acid,  but  dissolves  readily  in  nitric 

acid. 

Calculated.  Mean  found. 

Pb,     =   1035*0  C9-92  70*18 

V, =     205*2  13-86  13*3 

O,, =     240*0  16-22  

1480-2 

*  Pjromorphitc  and  apatite  have  already  been  artificially  prepared  by  Dcrille  and 
Caron,   and    also  by  Dobniv,   whilst  niinietesite  luis   been  obtained  artificially  br 
^     Lcokartior. 
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Silver  Fanadaies. 

1.  The  Ortho-Silner  Vanadate^  Ag,  VO^  is  obtained  as  an  orange-coloured 
precipitate  by  mixing  a  fresbly  prepared  solution  of  tbe  trisodium  salt  with 
a  solution  of  silver  nitrate,  in  which  every  trace  of  free  acid  has  been 
neutralized ;  luiess  these  precautions  are  attended  to,  the  precipitate  con- 
lists  of  a  mixture  of  the  ortho-  and  pyro-salt.  The  trisilver  vanadate  is 
insoluble  in  water,  but  readily  dissolves  in  ammonia  and  nitric  acid. 
Analysis  gave  the  following  results : — 

Calculated.  Found  (mean). 

Ag, =:324:-0  7375  73-83 

V     =  51-3  11-C7  1176 

O, =  64-0  14-58  

439-3  100-00 

2.  The  Teirahaaic  Silver  Fanadate,  Ag^  P^  O^,  is  prepared  by  mixing  a 
solution  of  the  corresponding  sodium  salt  with  a  neutral  solution  of  nitrate 
of  silver.  It  falls  as  a  yellow  dense  crystalline  precipitate,  resembling  in 
colour  the  ordinary  phosphate  of  silver.  On  dissolving  the  salt  in  nitric 
acid,  the  silver  is  precipitated  as  chloride,  and  the  vanadium  determined  as 
V.O.. 

Analysis  gave: — 

Calculated.  Found. 

Ag^     =432  C6-81  66-45 

V, =  102-6  15-87  15-97 

O^ =112-0  17-32  

646-6  100-00 

The  reactions  of  the  tri-  and  tetrabasic  vanadates  of  the  other  metals 
are  then  described. 

The  author  has  to  thank  Messrs.  Oelhofcr  and  Finkclstein  for  the  valuable 
^sistance  which  they  have  given  him  in  the  above  investigation. 

The  Society  adjourned  over  the  Easter  Recess  to  Thursday,  April  28. 


April  28,  1870. 

XDr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

Principal  Dawson,  LL.D.,  of  M'Gill  College,  Montreal,  was  admitted 
into  the  Society, 

The  following  communications  were  read  : — 
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I.  "  On  the  Organs  of  Vision  in  the  Common  Mole."  By  Bobbbt 
James  Lee.  Communicated  by  Samuel  Sollt^  F.IL8.  Re* 
ceived  March  30,  1870. 

The  eye  of  the  Common  Mole  and  the  structures  connected  with  it  nn* 
dergo  some  remarkable  changes  during  the  growth  of  the  animftl.  The 
gentleman  who  does  me  the  honour  to  present  the  results  of  an  ioTestiga* 
tion  into  that  subject  to  the  Royal  Society  was  desirous  that  it  should  be 
undertaken  in  order  to  ascertain  the  cause  of  the  anomalous  condition  in 
which  the  organ  of  vision  is  found  in  the  adult  Mole. 

It  was  the  suggestion  of  Mr.  Solly  that  an  examination  of  the  eye  of  the 
young  or  fcetal  Mole  might  assist  in  the  explanation ;  for  Mr.  Solly  had  re- 
flected much  on  the  subject,  and  entertained  reasons  for  believing  that  such 
an  inquiry  would  be  attended  with  a  satisfactory  result. 

It  is  known  that  there  is  distinct  evidence  of  the  existeApe  of  an  eye 
and  other  parts  concerned  in  the  endowment  of  sight  in  many  of  the  varioui 
species  of  the  Mole  genus.  To  what  extent,  however,  the  defective  state  of 
the  organs  permit  of  sight,  or  whether  the  animal  is  totally  blind,  are 
questions  still  undecided. 

That  the  organs  of  vision  in  the  young  Mole  would  be  found  in  a  more 
perfect  state  than  in  mature  age  was  what  Mr.  Solly  anticipated,  while  he 
conjectured,  for  physiological  reasons,  that  the  cause  of  the  difference 
between  them  would  be  found  to  be  a  process  of  atrophy  or  degeneration  in 
the  various  structures  essential  for  the  enjoyment  of  sight. 

The  specimens  sent  me  for  the  purpose  of  examination  consisted  of  a 
female  Mole,  ^Yhich  appeared  from  its  dimensions  to  have  attained  the  full 
period  of  development,  if  it  had  not  somewhat  exceeded  it,  and  of  six  unborn 
young  about  an  inch  and  a  quarter  long,  and,  as  far  as  I  could  judge, 
beyond  the  middle  of  the  period  of  gestation. 

Before  entering  into  anatomical  details,  I  venture  to  review  briefly  the 
researches  which  have  been  made  by  anatomists  into  this  subject.  A 
summary  of  tlie  views  entertained  by  those  who  preceded  him  is  given  by 
Gottfried  Treviranus,  in  his  work  published  in  1820,  '  Vermischte  Schriften 
Anatomischen  und  Physiologischen  Inhalts,'  in  the  chapter  on  the  Nerves 
of  Sense  in  Mammalian  Animals.  From  this  account  it  appears  that  it  was 
Zinn  who  first  described  an  optic  nerve  in  the  Mole,  and  declared  it  to  be 
a  branch  of  that  division  of  the  fifth  pair  of  nerves  which  is  distributed  to 
the  nose. 

The  description  by  Zinn  was  published  in  the  fourth  volume  of  the 
Commentaries  of  the  Royal  Society  of  Gottingen.  "  The  optic  nerve,'* 
he  says,  ^'  is  long  and  of  considerable  tenuity.  Its  origin  is  the  same  as 
that  of  the  very  large  nerve  which  passes  to  the  proboscis.  It  takes  a 
long  oblique  course,  lying  above  the  muscles  of  the  nose,  and  passing  in  an 
outward  and  backward  direction,  surrounded  by  dense  structures,  is  finally 
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inserted  into  the  posterior  part  of  the  globe  of  the  eje  in  the  line  of  the  axis 
of  vision." 

In  1813  Tiedemann  published  a  description  of  the  optic  nerve  and 
the  fifth  pair,  which  differed  in  a  very  important  respect  from  the  account 
given  by  Zinn ;  for  he  says  that  although  the  optic  nerves  are  small  an4 
difficult  to  distingubh,  yet  they  exist  as  separate  nerves,  and  present  the 
same  general  character  as  in  most  of  the  mammalia.  Tiedemann  carried 
his  investigations  still  further,  and  declared  the  absence  of  the  third,  fourth, 
and  sixth  pairs  of  nerves.  He  described  certain  filaments,  which  he  stated 
to  be  unconnected  with  the  optic  nerve,  and  to  be  similar  to  those  branches 
which  are  found  in  the  tissues  around  the  eye  in  other  animals.  The  ab- 
sence of  the  third,  fourth,  and  sixth  pairs  of  nerves  was  subsequently 
asserted  also  by  Cams ;  but  his  account  of  the  origin  and  termination  of  the 
optic  nerves  is  not  quite  intelligible  to  me.  It  appears,  however,  that  the 
conclusions  of  Treviranus  and  Carus  agreed  that  there  was  some  connexion 
between  the  optic  nerve  and  the  fifth,  which  sufficed  to  supply  the  Mole 
to  a  certain  degree  with  the  sense  of  sight.  Indeed  the  chief  physiolo- 
gical fact  which  Treviranus  endeavoured  to  establish  in  the  chapter  of  the 
work  alluded  to,  was  that  the  nenres  of  one  particular  and  special  sense 
vere  capable,  under  certain  circumstances,  of  becoming  endowed  with  the 
properties  of  nerves  of  another  and  different  sense.  "The  fifth  pair  of 
nerres  in  some  mammalia  supply  the  place  of  the  most  important  nerve  of 
sense  "  is  the  introductory  sense  in  the  chapter ;  or,  in  other  words,  that  a 
nerve  of  touch  and  feeling  may  become  a  nerve  of  sight,  that  is,  sensitive 
to  tbe  rays  of  light ;  and  he  concludes  the  chapter  thus  : — "  I  cannot  but 
agree  with  Cams  that  the  optic  nerve  and  the  fifth  branch  enter  into  con- 
nexion in  the  eye  to  produce  the  retina."  This  opinion  met  with  opposi- 
tion from  Prof.  Miiller,  who  controverted  it  by  the  statement  that  true 
optic  nerves  had  been  exhibited  to  him  by  Dr.  Ilenle  (Baly's  translation, 
p.  842). 

From  a  remark  of  M.  P.  G.  Pellctan,  in  his  *  Memoire  sur  la  Sp&ialitd 
des  Nerves  des  Sens,'  quoted  by  Mr.  Solly  in  his  work  on  the  Brain,  it 
Would  appear  that  that  anatomist  had  made  a  very  careful  examination  of 
the  organs  of  vision,  both  in  the  adult  and  foetal  Mole,  for  he  "  recom- 
Hiends  the  dissection  of  either  foetal  Moles,  or  very  young  ones,  in  whom 
the^optic  foramen  is  still  distinct."  The  importance  of  this  remark  con- 
sists in  the  proof  that  Pellctan  had  observed  that  the  optic  foramina 
lindergo  some  change  subsequent  to  the  birth  of  the  animal. 

Yon  Siebold  has  published  the  results  of  investigations  into  the  difference 
between  the  eyes  of  certain  species  of  Talpa,  "  The  eyes  are  rudimentary,** 
be  says,  "  in  the  Mole  and  Spalax  typhlua,  which  live  underground ;  and 
above  all  in  Talpa  ccBca  and  the  Chrysochlores  are  the  eyes  rudimentary. 
They  are  a  little  more  developed  in  the  Musaraigncs  and  the  Common 
Mole.     According  to  Ollivier  (Bulletin  de  la  Societe  Philomathique,  vol.  ii. 
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No.  38,  p.  105)  all  the  ordinary  elements  of  the  eje  are  found  in  Spmhx 

Leydig,  in  his  *  Handbuch  der  Histologie/  has  some  important  remarks 
on  the  eyes  of  blind  animals,  and  has  described,  in  Muller^s  'Ardiites^* 
1854,  p.  346,  the  cellular  structure  of  the  lens  of  the  Mole's  ey^  as  pre- 
senting the  character  of  embryonic  structure,  from  which  he  conclodea  that 
the  lens  remains  in  its  primitive  embryonic  condition. 

Mr.  Solly's  investigations  were  directed  to  the  state  of  the  optic  com- 
missures at  the  base  of  the  brain.  **  In  the  Mole/'  he  says,  **  in  whidi  the 
optic  nerves  are  so  extremely  minute  that  they  have  often  escaped  detec- 
tion, and  are  by  many  authors  described  as  entirely  wanting,  these  com- 
missural fibres  are  found  distinctly  crossing  the  base  of  the  skull  opposite 
the  usual  situation  of  the  optic  commissure ;  while  the  small  black  speck, 
evidently  the  rudiment  of  the  eye,  is  supplied  by  a  minute  branch  from  the 
fifth  pair"  (p.  289,  op.  cit.). 

In  Prof.  Owen's  work  on  the  '  Comparative  Anatomy  and  Physiology  of 
Vertebrates'  (vol.  iv.  p.  246),  the  organ  of  sight,  like  that  of  smdl, 
is  stated  to  be  ''  wanting  in  a  few  mammals,  the  eyeball  being  reduced  to 
the  size  and  condition  of  the  ocellus  in  Amblyopsis,  and  to  its  simple 
primitive  ofiice  of  taking  cognizance  of  light,  a  filament  of  the  fiflh  aiding 
a  remnant  of  the  proper  optic  nerve.  The  Moles,  especially  the  Italian 
kind,  Talpa  cteca,  and  Mole-rats,  exemplify  this  condition,  in  which,  as  in 
Spalax  typhluSi  the  skin  passes  over  the  ocellus  without  any  palpebrd 
opening  or  loss  of  hair." 

Mr.  Herbert  Mayo  has  given  a  similar  description  in  his  'Physiology,' 
and  has  supplemented  it  by  a  drawing,  in  which  the  fifth  nerve  is  repre- 
sented as  sending  a  filament  directly  to  the  globe  of  the  eye. 

From  the  above  enumeration  of  the  views  entertained  by  anatomists  re- 
garding the  eye  and  optic  nerve  of  the  Mole,  it  is  apparent  that  attention 
has  been  directed  by  some  to  the  eye  in  particular,  and  to  the  structures 
intimately  connected  with  it,  while  others  have  arrived  at  their  conclusions 
from  examination  of  the  interior  of  the  skull  and  the  optic  region  of  the 
brain. 

It  remained  therefore  to  ascertain  the  condition  of  the  optic  nerve  in  the 
posterior  part  of  the  orbit,  especially  that  portion  of  the  nerve  which  lies 
in  the  optic  foramen,  and  thus  endeavour  to  connect  the  appearances  de- 
scribed in  the  eye  with  those  observed  at  the  base  of  the  brain. 

It  is  proposed  to  give  an  account  of  the  dissection  of  the  full-grown 
Mole,  in  order  to  contrast  the  state  of  the  eye,  the  optic  nerve,  and  the 
cranium  with  that  which  those  parts  present  in  the  foetal  Mole,  following 
such  an  arrangement  of  the  facts  that  the  important  points  of  difference 
shall  be  apparent  without  separate  comparison. 

The  eye  of  the  Common  Mole  presents  the  appearance  of  a  minnte  black 
and  shining  bead,  closely  attached  to  the  skin  of  the  head,  and  concealed 
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by  the  hair  so  completely  that  it  is  difHcult  sometimes  to  discover  it.  In 
removing  the  skin  the  small  globe  is  easily  detached  at  the  same  time,  and 
no  indication  remains  of  the  exact  position  in  which  it  was  situated.  This 
shows  that  in  the  Mole  the  cavity  of  the  orbit  is  wanting,  and  that  the 
structures  usually  found  in  the  vicinity  of  the  eye  are  in  a  different  condition 
from  that  which  they  present  in  other  mammalia.  It  is  necessary,  there- 
fore, to  divide  the  skin  around  the  base  of  the  eye  in  order  to  preserve  the 
connexion  between  the  globe  and  the  subjacent  tissues. 

Beneath  the  eye,  and  forming  a  basis  on  which  it  rests,  is  *'  a  firm  mass 
of  cellular  fibrous  tissue  which  assumes  on  dissection  a  fusiform  shape,  with 
an  attenuated  portion  passing  towards  the  base  of  the  skull."  The  filament 
becomes  so  exceedingly  delicate  in  the  deeper  part  of  the  orbit  that  the 
difficulty  of  ascertaining  its  precise  condition  is  probably  the  reason  of  the 
difference  of  opinion  on  the  subject. 

In  Mr.  Solly's  specimen  there  was  found  to  be  no  attachment  whatever 
of  the  filament  to  the  base  of  the  skull ;  but  in  a  former  dissection  of  a 
smaller,  and  probably  younger  specimen,  the  continuity  between  the  bone 
and  the  tissue  was  evident. 

The  filament  of  tissue  above  described,  and  the  connexion  which  it 
formed  between  the  eye  and  the  skull,  induced  me  to  examine  it  microsco- 
pically, in  order  to  ascertain  whether  it  contained  nervous  fibres,  or 
possessed  any  of  the  characters  of  the  optic  nerve. 

It  exhibited  a  tendency  to  divide  in  a  longitudinal  direction  when  needles 
were  applied  to  it,  and  presented  the  appearance  of  cellular  tissue,  without, 
however,  any  trace  of  nerve-fibre.  It  will  be  seen  nevertheless,  from  the 
description  of  the  optic  nerve  in  the  foetal  Mole,  that  this  delicate  thread 
is  the  only  vestige  which  remains  of  that  important  part  of  the  organs  of 
visbn  in  the  full-grown  Mole. 

With  regard  to  some  minute  branches  of  nerves  and  blood-vessels  which 
pass  into  the  tissue  forming  the  base  of  the  eye,  both  on  its  outer  and 
inner  side,  it  is  not  in  my  power  to  say  definitely  from  whence  they  come, 
as  their  minute  size  prevented  me  from  tracing  them  in  the  deeper  part  of 
the  orbit  to  their  points  of  exit  from  the  skull. 

The  eye  of  the  full-grown  Mole  presents  a  surface  uniformly  black  and 
glistening,  in  which  there  is  no  indication  of  a  cornea  and  sclerotic  distinct 
ftom  one  another,  nor  any  evidence  of  an  iris  or  pupillary  aperture. 
Within  the  globe,  when  ruptured  with  the  points  of  needles,  a  layer  of 
black  pigmentary  particles  was  found  to  line  the  internal  surface  of  the 
dense  structure  which  corresponds  to  the  sclerotic. 

In  addition  there  was  a  confused  mixture  of  grey  and  white  granular 
lubstance,  in  which  there  was  no  distinct  evidence  of  remains  of  the  usual 
Contents  of  the  globe  of  the  eye,  though,  as  will  be  seen,  those  structures 
exist  in  foetal  life. 

The  specimens  were  sent  to  me  preserved  in  alcohol,  consequently  the 
btain  was  firm,  and  easy  to  be  removed  entire  from  the  cranium. 
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On  raising  the  anterior  lobes  gently  from  the  base  of  Uie  akiil],  it 
ascertained  that  no  nerves  connected  the  brain  irith  the  bone  anterior  to 
the  fifih  pair.  The  base  of  the  brain  also  exhibited  an  entire  absenoe  of  the 
optic  nerves  beyond  a  vestige  in  a  very  minute  chiasma,  as  deacribed  bj 
Mr.  Solly. 

On  examining  the  internal  surface  of  the  base  of  the  skull,  the  usual 
foramina  for  the  optic  nerves  are  found  to  be  wanting,  a  condition  which 
is  observed  with  facility  in  the  dried  specimens  in  the  Museum  of  the 
Royal  College  of  Surgeons.  Among  these  there  is  one  in  which  there  is  a 
vestige  of  an  optic  foramen  on  the  left  side  of  the  head,  while  on  the  oppo- 
site side  the  surface  is  smooth  and  perfect. 

In  the  arrangement  of  the  details  which  have  been  given  above  of  the 
appearances  observed  in  the  course  of  the  examination,  attention  has  been 
directed  to  three  points  in  particular,  namely  to  the  condition  of  that  part 
of  the  optic  nerve  which  is  situated  externally  to  the  skull,  and  which 
exists  as  a  mere  thread  of  connective  tissue ;  secondly,  to  the  eye  itself, 
and  the  structures  within,  so  far  as  it  was  necessary  to  consider  them  in 
their  efficiency  for  optical  purposes ;  thirdly,  to  the  internal  surface  of  the 
skull  in  its  relation  to  the  part  of  the  brain  from  which  the  optic  nerves 
take  their  origin. 

The  following  description  of  the  various  structures  in  the  foetal  Mole 
will  be  more  general  than  the  above  account  of  them  in  the  full-grown 
Mole,  as  five  specimens  instead  of  one  were  examined. 

On  the  removal  of  the  skin  and  a  layer  of  muscular  tissue  subjacent,  a 
part  of  the  globe  of  the  eye  is  exposed.  When  the  whole  side  of  the  face 
and  the  temporal  region  arc  dissected,  the  eye  is  found  to  be  in  close 
proximity  to  the  large  branch  of  the  facial  nerve,  as  is  represented  in  the 
drawing  accompanying  this  account. 

The  eye  has  the  usual  appearance  presented  by  the  organ  in  most  foetal 
mammalia  ;  in  form  globular,  and  in  size  proportionate  to  the  head  of  the 
animal ;  the  cornea  translucent ;  the  sclerotic  perfectly  distinct,  and  of 
dense  white  tissue ;  the  iris  apparent  through  the  cornea,  with  a  clear 
pupillary  aperture. 

Between  the  eye  and  the  facial  nerve  a  small  portion  of  the  optic  nerve 
is  seen  in  the  superficial  dissection,  and  appears  to  form  an  upright  peduncle 
for  the  globe. 

It  is  necessary  to  divide  the  seventh  pair  in  order  to  examine  the  deeper 
parts  of  the  orbit.  When  the  dissection  is  completed,  and  the  optic  nerve 
exposed  in  its  whole  extent,  from  the  eye  to  the  base  of  the  cranium,  the 
branches  of  the  fifth  pair  of  nerves  are  brought  into  view.  The  main 
branch  of  the  second  division  of  the  fifth  nerve  lies  a  little  below  the  optic 
nerve,  parallel  with  it,  and  supplies  large  and  numerous  branches  to  the 
anterior  part  of  the  face.  There  is  no  necessity  to  describe  minutely  the 
appearance  presented  in  the  dee])  dissection  of  the  orbit,  as  I  observed 
nothing  unusijal  to  require  particular  notice.    There  are  some  minute 
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miudef  attached  to  the  globe  which  do  not  admit  of  separation  into 
distinct  parts,  bat  completely  surround  the  posterior  half  of  the  globe. 

To  trace  the  optic  nerre  through  its  foramen  to  the  brain  was  success- 
fdlly  accomplished  in  only  one  dissection.  After  exposing  the  optic  nerve 
and  the  eye  completely,  all  the  surrounding  parts  were  remoyed,  and  a  sec- 
tion made  through  the  skull  so  as  to  exhibit  a  lateral  view  of  the  interior  of 
the  cranium. 

The  brain  itself  was  disorganized  in  all  the  young  specimens  ;  but  in  the 
dissection  just  alluded  to  the  optic  nerve  was  seen  to  pass  through  the  base 
of  the  skull,  and  to  enter  the  membranes  to  a  short  distance,  so^  that  it 
would  have  been  possible,  if  the  brain  had  remained  perfect,  to  trace  it  to 
its  origin. 

Widi  regard  to  the  eye  itself,  no  difficulty  was  experienced  in  separating 
the  iris,  choroid,  and  lens.  The  other  structures  usually  existing  in  the 
eye  had  been  so  long  subjected  to  the  influence  of  the  alcohol  that  I  could 
not  determine  their  condition. 

It  must  necessarily  happen  that  many  interesting  observations  are  made 
in  the  course  of  an  investigation  like  that  which  has  been  briefly  described, 
and  many  minute  details  might  have  been  added  to  this  account ;  but  it 
appeared  to  me  to  be  desirable  to  limit  the  details,  as  far  as  possible,  to  those 
wrhich  were  sufficient  to  establish  the  remarkable  physiological  fact  that  the 
Mole,  at  the  time  of  birth,  is  endowed  with  organs  of  vision  of  considerable 
perfection,  while  in  mature  age  it  is  deprived  of  the  means  of  sight  in  con* 
sequence  of  certain  changes  which  take  place  in  the  base  of  the  skull,  ter- 
ooinating  in  the  destruction  of  the  most  important  structures  on  which  the 
S'DJoyment  of  the  sense  of  sight  depends. 

ri.  "On  an  Aplanatic  Searcher,  and  its  Effects  in  improving  High- 
""       Power   Definition   in   the   Microscope."     By  6.  W.  Royston- 
PiGOTT,   M.A.,  M.D.  Cantab.,  M.R.C.P.,  F.R.A.S.,  F.C.P.S., 
formerly  Fellow  of  St.  Petei-^s  College,  Cambridge.     Communi- 
cated by  Prof.  Stokes,  Sec.  R.  S.     Received  March  31,  1870. 

(Abstract.) 

The  Aplanatic  Searcher  is  intended  to  improve  the  penetration,  amplify 
^agnifying-power,  intensify  definition,  and  raise  the  objective  somewhat 
further  from  its  dangerous  proximity  to  the  delicate  covering-glass  indis- 
pensable to  the  observation  of  objects  under  very  high  powers. 

The  inquiry  into  the  practicability  of  improving  the  performance  of 
microscopic  object-glasses  of  the  very  finest  known  quality  was  suggested 
by  an  accidental  resolution  in  1862  of  the  Podura  markings  into  black 
Heads.  This  led  to  a  search  for  the  cause  of  defective  definition,  if  any 
existed.  A  variety  of  first-class  objectives,  from  the  -^  to  the  \,  failed  to 
show  the  beading,  although  most  carefully  constructed  by  Messrs.  Powell 
and  Lealand. 
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Experiments  haTing  been  instituted  on  the  nature  of  tlie  errorB,  it 
found  that  the  instrument  required  a  better  distribution  of  power;  initead 
of  depending  upon  the  deepest  eyepieces  and  most  powerful  objectives 
hitherto  constructed,  that  better  effects  could  be  produced  by  regulating 
a  more  gradual  bending  or  refraction  of  the  cxcentrical  rays  emanatii^ 
from  a  brilliant  microscopic  origin  of  light. 

It  then  appeared  that  delusive  images,  which  the  writer  has  ventuied  to 
name  eidola*,  exist  in  close  proximity  to  the  best  focal  point  (where  the 
least  circle  of  confusion  finds  its  locus). 

(I.)  That  these  images,  possessing  extraordinary  characters^  exist  princi- 
pally above  or  below  the  best  focal  point,  according  as  the  objective 
bplierical  aberration  is  positive  or  negative. 

(II.)  That  test-images  may  be  formed  of  a  high  order  of  delicacy  and 
accurate  portraiture  in  miniature,  by  employing  an  objective  of  twice  the 
focal  depth,  or,  rather,  half  the  focal  length  of  the  observing  objective. 

(III.)  That  such  test-images  (which  may  be  obtained  conveniently  twoi^ 
tliousand  times  less  than  a  known  original)  are  formed  (under  precautions^ 
^vith  a  remarkable  freedom  from  aberration,  which  appears  to  be  redu( 
in  the  miniature  to  a  minimum. 

(IV.)  Tlie  beauty  or  indistinctness  with  which  they  are  displayed 
cially  on  the  immersion  system)  is  a  marvellous  test  of  the  correction  of  th^3 
observing  objective,  but  an  indifferent  one  of  the  image-forming  objectives 
used  to  produce  the  testing  miniature. 

T/iese  results  e?iable  the  observer  to  compare  the  known  with  the  iiJt— ■ 
known.  By  observing  a  variety  of  brilliant  images  of  known  objects,  nj3k 
gauze,  lace,  an  ivory  thermometer,  and  sparkles  of  mercury,  all  formed  ii-a 
the  focus  of  the  objective  to  be  tested  with  the  microscope  properly  ad- 
justed so  that  the  axes  of  the  two  objectives  may  be  coincident,  and  their 
corrections  suitably  manipulated,  it  is  practicable  to  compare  known  delix" 
sious  with  suspected  phenomena. 


It  was  then  observed  (by  means  of  such  appliances)  that  the  aberration 
developed  by  high-power  eyepieces  and  a  lengthened  tube  followed  • 
pecuUar  law. 

A.  A  lengthened  tube  increased  aberration  faster  than  it  gained  pow^^ 
(roughly  the  aberration  varied  as  p'^  while  the  power  varied  as  »). 

15.  As  the  image  was  formed  by  the  objective  at  points  nearer  to  it  th^"^ 
the  standard  distance  of  nine  inches,  for  which  the  best  English  glass^* 
arc  corrected,  the  writer  found  the  aberration  diminished  faster  than  tl^* 
power  was  lost,  by  shortening  the  body  of  the  instrument. 

C.  The  aberration  became  negatively  affected,  and  required  a  positiV^ 
compensation. 

D.  Trcquent  consideration  of  the  equations  fur  aplanatism  suggested  tl^* 

*  From  CiCinikoVi  u  false  si)cctral  image. 


1870.]        Dr.  Royston-Pigott  on  an  Aplanatic  Searcher.  829 

idea  of  searching  the  axis  of  the  instrument  for  aplanatic  foci,  and  that 
many  such  foci  would  probably  be  found  to  exist  in  proportion  to  the 
number  of  terms  in  the  equations  (involving  curvatures  and  positions). 

£.  The  law  was  then  ascertained  that  power  could  be  raised,  and  defi- 
nition intensified,  by  positively  correcting  the  searching  lenses  in  proportion 
as  they  approached  the  objective,  at  the  same  time  applying  a  similar 
correction  to  the  observing  objective. 

The  chief  results  hitherto  obtained  may  be  thus  summarized. 

The  writer  measured  the  distance  gained  by  the  aplanatic  searcher, 
whilst  observing  with  a  half-inoh  objective  with  a  power  of  seven  hundred 
diameters,  and  found  it  two- tenths  of  an  inch  increase  \  so  that  optical 
penetration  was  attainable  with  this  high  power  through  plate-glass  nearly 
one  quarter  of  an  inch  thick,  whilst  visual  focal  depth  was  proportionably 
increased. 

The  aplanatic  searcher  increases  the  power  of  the  microscope  from  two 
and  a  half  to  five  times  the  usual  power  obtained  with  a  third  or  C  eye- 
piece of  one  inch  focal  length.  The  eighth  thus  acquires  the  power  of  a 
twenty-fiflh,  the  penetration  of  a  one-fourth.  And  at  the  same  time  the 
lowest  possible  eyepiece  (3 -inch  focus)  is  substituted  for  the  deep  eye- 
piece formed  of  minute  lenses,  and  guarded  with  a  minutely  perforated 
cap.  The  writer  lately  exhibited  to  Messrs.  Powell  and  Lealand  a  bril- 
liant definition,  under  a  power  of  four  thousand  diameters,  with  their  new 
"  eighth  immersion  *'  lens,  by  means  of  the  searcher  and  low  eyepiece. 


The  traverse  of  the  aplanatic  searcher  introduces  remarkable  chromatic 
corrections  displayed  in  the  unexpected  colouring  developed  in  microscopic 
test-objects*. 

The  singular  properties  or,  rather,  phenomena  shown  by  eidola,  enable 
the  practised  observer  iji  many  cases  to  distinguish  between  true  and 
delusive  appearances,  especially  when  aided  by  the  uberrameter  applied  to 
the  objective  to  display  excentrical  aberration  by  cutting  off  exccntrical 

"^ys. 

Eidola  are  symmetrically  placed  on  each  side  of  the  best  focnl  point,  as 
Ascertained  by  the  aberramcter  when  the  compensations  have  attained  a 
^^licate  balance  of  opposite  corrections. 

If  the  beading,  for  instance,  of  a  test-object  exists  in  two  contiguous 
Parallel  planes,  the  eidola  of  one  set  is  commingled  with  the  true  image  of 
^Ue  other.  But  the  upper  or  lower  set  mny  be  separately  displayed,  cither 
**y  depressing  the  false  eidola  of  the  lower  stratum,  or  elevating  the 
^^clola  of  the  upper ;  for  when  the  eidola  of  two  contiguous  strata  are  in- 
termingled, correct  definition  is  impossible  so  long  as  the  aperture  of  the 
^^>jectivc  remains  considerable. 

One  other  result  accrues :  when  an  objective,  otherwise  excellent,  cannot 

*  Alluded  to  by  Mr.  Beade,  FJI.S.,  in  tho  '  Popular  Science  Koview '  for  April  1870. 
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be  further  corrected,  the  component  glasses  being  already  doaelj  screwed 
up  together,  a  further  correction  can  be  applied  by  means  of  the  adjuitmeiits 
of  the  aplanatic  searcher  itself,  all  of  which  are  essentially  conjugate  with 
the  actions  of  the  objective  and  the  variable  positions  of  its  component 
lenses  ;  so  that  if  ex  be  the  traversing  movements  of  the  objectire  lenses, 
Zv  that  of  the  searcher,  F  the  focal  distance  of  the  image  from  the  ob- 
jective when  Ix  vanishes, /the  focal  distance  of  the  virtual  image  formed 
by  the  facet  lenses  of  the  objective. 


£=-(-)' 
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The  appendix  refers  to  plates  illustrating  the  mechanical  arrmngemcnts 
for  the  discrimination  of  eidola  and  true  images,  and  for  traverting  the 
lenses  of  the  aplanatic  searcher. 

The  plates  also  show  the  course  of  the  optical  pencils,  sparioos  disks  of 
residuary  aberration  and  imperfect  definition,  as  well  as  some  examples  of 
"high-power  resolution"  of  the  Fodura  and  Lepisma  beading,  as  well  u 
the  amount  of  amplification  obtained  by  Camera-Lucida  outline  drawings  of 
a  given  scale. 

III.  "  On  a  Cause  of  Error  in  Elcctroscopic  Experiments.^' 
By  Sir  Charles  Wiieatstone,  F.R.S.     Received  April  26,  1870. 

To  arrive  at  accurate  conclusions  from  the  indications  of  an  electroscope 
or  electrometer,  it  is  necessary  to  be  aware  of  all  the  sources  of  error  which 
may  occasion  these  indications  to  be  misinterpreted. 

In  the  course  of  some  experiments  on  electrical  conduction  and  induction 
which  I  have  recently  resnmcd,  I  was  frequently  delayed  by  what  at  first 
appeared  to  be  very  puzzling  results.  Occasionally  I  found  that  I  could 
not  discharge  the  electrometer  with  my  finger,  or  only  to  a  certain  degree, 
and  that  it  was  necessary,  before  commencing  another  experiment,  to  place 
myself  in  communication  with  a  gas-pipe  which  entered  the  room.  How 
I  became  charged  I  could  not  at  that  time  explain  ;  the  following  chain  of 
observations  and  experiments,  however,  soon  led  me  to  the  true  solution. 

I  was  sitting  at  a  table  not  far  from  the  fireplace  with  the  electrometer 
(one  of  Peltier's  constrnction)  before  me,  andwas  engaged  in  experimenting 
with  disks  of  various  substances.  To  ensure  that  the  one  I  had  in  hand, 
which  was  of  tortoiseshell,  should  be  perfectly  dry,  I  rose  and  held  it  for  a 
minute  before  the  fire  ;  returning  and  placing  it  on  the  plate  of  the  elec- 
trometer, I  was  surprised  to  find  that  it  had  apparently  acquired  a  strong 
charge,  deflecting  the  index  of  the  electrometer  beyond  90°.  I  found  that 
the  same  thing  took  place  with  every  disk  I  thus  presented  to  the  fire, 
whether  of  metal  or  any  other  substance.  My  first  impression  was  that 
the  disk  had  been  rendered  electrical  by  heat,  though  it  would  have  been 
extraordmary  that,  if  so,  such  a  result  had  not  been  observed  before ;  but 
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on  pkdng  it  in  contact  with  a  vessel  of  boiling  water,  or  heating  it  by  a 
gas-lamp,  no  such  effect  was  produced.  I  next  conjectured  that  the  phe- 
nomenon might  arise  from  a  difference  in  the  electrical  state  of  the  air  in 
the  room  and  that  at  the  top  of  the  chimney  ;  and  to  put  this  to  the  proof, 
I  adjourned  to  the  adjacent  room  where  there  was  no  fire,  and  bringing  my 
disk  to  the  fireplace  I  obtained  precisely  the  same  result.  That  this  con- 
jecture, however,  was  not  tenable  was  soon  evident,  because  I  was  able  to  pro- 
duce the  same  deviation  of  the  needle  of  the  electrometer  by  bringing  my  disk 
near  any  part  of  the  wall  of  the  room.  This  seemed  to  indicate  that  different 
parts  of  the  room  were  in  different  electrical  states ;  but  this  again  was  dis- 
proved by  finding  that  when  the  position  of  the  electrometer  and  the  place 
where  the  disk  was  supposed  to  be  charged  were  interchanged,  the  charge  of 
the  electrometer  was  still  always  negative.  The  last  resource  was  to  assume 
that  my  body  had  become  charged  by  walking  across  the  carpeted  room, 
though  the  effect  was  produced  even  by  the  most  careful  treading.  This 
ultimately  proved  to  be  the  case ;  for  resuming  my  seat  at  the  table  and 
scraping  my  foot  on  the  rug,  I  was  able  at  will  to  move  the  index  to  its 
greatest  extent. 

Before  I  proceed  further  I  may  state  that  a  gold-leaf  electrometer  shows 
the  phenomena  as  readily. 

When  I  first  observed  these  effects  the  weather  was  frosty  ;  but  they 
present  themselves,  as  I  have  subsequently  found,  almost  equally  well  in 
■II  states  of  the  weather,  provided  the  room  be  perfectly  dry. 

I  will  now  proceed  to  state  the  conditions  which  are  necessary  for  the 
complete  success  of  the  experiments,  and  the  absence  of  which  has  pre- 
vented them  from  being  hitherto  observed  in  the  striking  manner  in  which 
they  have  appeared  to  me. 

The  most  essential  condition  appears  to  be  that  the  boot  or  shoe  of  the 
experimenter  must  have  a  thin  sole  and  be  perfectly  dry  ;  a  surface  polished 
by  wear  seems  to  augment  the  effect.  By  rubbing  the  sole  of  the  boot 
against  the  carpet  or  rug,  the  electricities  arc  separated,  the  carpet  as* 
sames  the  positive  state  and  the  sole  the  negative  state  ;  the  former  being 
a  tolerable  insulator,  prevents  the  positive  electricity  from  running  away  to 
the  earth,  while  the  sole  of  the  foot,  being  a  much  better  conductor,  readily 
allows  the  charge  of  negative  electricity  to  pass  into  the  body. 

So  effective  is  the  excitation,  that  if  three  persons  hold  each  other  by 
the  hands,  and  the  first  rubs  the  carpet  with  his  foot  while  the  third  touches 
the  plate  of  the  electrometer  with  his  finger,  a  strong  charge  is  communi- 
eated  to  the  instrument. 

Even  approaching  the  electrometer  by  the  hand  or  body,  it  becomes 
charged  by  induction  at  some  distance. 

A  stronger  effect  is  produced  on  the  index  of  the  instrument  if,  after 
nibbing  the  foot  against  the  carpet,  it  be  immediately  raised  from  it. 
When  the  two  are  in  contact,  the  electricities  are  in  some  degree  coerced 
or  disninulated ;  but  when  they  are  separated,  the  whole  of  the  negative 
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electricity  becomes  free  and  expands  itself  in  the  body.  A  single  stamp  on 
the  carpet  followed  by  an  immediate  removal  of  the  foot  causes  the  index  of 
the  electrometer  to  advance  several  degrees,  and  by  a  reiteration  of  suck 
stamps  the  index  advances  80°  or  40°. 

The  opposite  electrical  states  of  the  carpet  and  the  sole  of  the  boot  were 
thus  shown :  after  rubbing,  I  removed  the  boot  from  the  carpet,  and  placed 
on  the  latter  a  proof-plate  (t.  e,  a  small  disk  of  metal  with  an  insulatiDg 
handle),  and  then  transferred  it  to  the  plate  of  the  electrometer ;  strong 
positive  electricity  was  manifested.  Performing  the  same  operation  with 
the  sole  of  the  boot  a  very  small  charge  was  carried,  by  reason  of  its  ready 
escape  into  the  body. 

The  negative  charge  assumed  by  sole-leather  when  rubbed  with  animal 
hair  was  thus  rendered  evident.  I  placed  on  the  plate  of  the  electrometer 
a  disk  of  sole-leather  and  brushed  it  lightly  with  a  thick  camel' s-hair  pen* 
cil ;  a  negative  charge  was  communicated  to  the  electrometer,  which  charge 
was  principally  one  of  conduction,  on  account  of  the  very  imperfect  insu- 
lating power  of  the  leather. 

Various  materials,  as  India-rubber,  gutta  percha,  &c.,  were  substitated 
for  the  sole  of  the  boot ;  metal  plates  were  also  tried ;  all  communicated 
negative  electricity  to  the  body.  Woollen  stockings  are  a  great  impedi- 
ment to  the  transmission  of  electricity  from  the  boot ;  when  these  experi« 
ments  were  made  I  wore  cotton  ones. 

When  I  substituted  for  the  electrometer  a  long  wire  galvanometer,  snch 
as  is  usually  employed  in  physiological  experiments,  the  needle  was  made 
to  advance  several  degrees. 

At  the  Meeting  of  the  British  Association  at  Dublin  in  1857,  Professor 
Loomis,  of  New  York,  attracted  great  attention  by  his  account  of  some  re- 
markable electrical  phenomena  observed  in  certain  houses  in  that  city.  It 
appears  that  in  unusually  cold  and  dry  winters,  in  rooms  provided  with 
thick  carpets  and  heated  by  stoves  or  hot-air  apparatus  to  70°,  electrical 
phenomena  of  great  intensity  are  sometimes  produced.  A  lady  walking 
along  a  carpeted  floor  drew  a  spark  one  quarter  of  an  inch  in  length  be- 
tween two  metal  balls,  one  attached  to  a  gas-pipe,  the  other  touched  by  her 
hand  ;  she  also  fired  ether,  ignited  a  gaslight,  charged  a  Leyden  jar,  and 
repelled  and  attracted  pith-balls  similarly  or  dissimilarly  electrified.  Some 
of  these  statements  were  received  with  great  incredulity  at  the  time  both 
here  and  abroad,  but  they  have  since  been  abundantly  confirmed  by  the 
Professor  himself  and  by  others.  (See  Silliman's  American  Journal  of 
Science,  July  1858.) 

My  experiments  show  that  these  phenomena  are  exceptional  only  in  de- 
gree. The  striking  effects  observed  by  Professor  Loomis  were  feeble 
unless  the  thermometer  was  below  the  freezing-point,  and  most  energetic 
when  near  zero,  the  thermometer  in  the  room  standing  at  70°.  Those 
observed  by  myself  succeed  in  almost  any  weather,  when  all  the  necessary 
conditions  are  fulfilled;    Some  of  these  conditions  must  frequently  be 
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present,  and  experimentalists  cannot  be  too  much  on  their  gaard  against 
the  occnrrence  of  these  abnormal  effects.  I  think  I  have  done  a  service 
to  them,  espedallj  to  those  engaged  in  the  delicate  investigations  of  animal 
electricity,  by  drawing  their  attention  to  the  subject. 
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Lieut.-General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in 

the  Chair. 

In  conformity  with  the  Statutes,  the  names  of  the  Candidates  recom- 
mended for  election  into  the  Society  were  read  from  the  Chair,  as  follows: — 


William  Fronde,  C.E. 

Edward  Headlam  Greenhow,  M.D. 

James  Jago,  M.D. 

Nevil  Story  Maskelyne,  M.A. 

Maxwell  Tylden-Masters,  M.D. 

Alfred  Newton,  M.A. 

Andrew  Noble,  Esq. 

Capt.  Sherard  Osbom,  R.N. 


Rev.  Stephen  Parkinson,  B.D. 
Capt.  Robert  Mann  Parsons,  R.E. 
William  Henry  Ransom,  M.D, 
Robert  H.  Scott,  Esq. 
George  Frederic  Verdon,  C.B. 
Augustus  Voelcker,  Ph.D. 
Samuel  Wilks,  M.D. 


The  Bakerian  Lbctuee  was  delivered  by  John  W,  Dawson,  LL.D., 
F.R.S.,  fee,  Principal  and  Vice-Chancellor  of  M'Gill  College, 
Montreal,  "  On  the  Pre-Carboniferous  Floras  of  North-Eastern 
America^  with  especial  reference  to  that  of  the  Eriau  (Devonian) 
Period/'    The  following  is  an  Abstract. 

The  attention  of  the  author  was  first  directed  to  the  Devonian  as  distin- 
guished from  the  Carboniferous  flora  by  the  discovery,  on  the  part  of  Sir 
Mr.  C  Logan,  in  1 843,  of  some  remarkable  remains  of  plants  in  the  Sand- 
stones of  Gaspt^,  Canada.  In  1859,  after  visiting  Gaspd  to  study  these 
plants  in  ntu,  the  author  published  descriptions  of  them,  and  more  parti- 
cularly of  the  two  characteristic  Lower-Devonian  genera  Prototaxitea  and 
i^Mophyton^  in  the  Journal  of  the  Geological  Society. 

Subsequently  additional  material  was  obtained  by  personal  investigation 
of  the  Devonian  of  Maine  and  New  Brunswick,  and,  through  the  kindness 
of  Prof.  James  Hall,  from  that  of  New  York.  These  additional  plants 
Were  also  published  in  the  Journal  of  the  Geological  Society. 

Still  more  recently,  a  thorough  re-exnmination  of  the  Gaspc  beds,  the 
ayatematic  exploration  of  the  plant-bearing  beds  near  St.  John  by  Prof. 
Uartty  and  fresh  collections  made  by  Prof.  Uall  have  enabled  the  author 
to  prepare  a  catalogue  of  121  species,  and  to  attempt  a  thorough  revision 
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of  tbe  Elian  flora,  and  an  inyestigaiion  of  its  conditions  of  growth  and 

relations  to  the  Carboniferous  flora. 

The  term  "  Erian "  is  applied  to  the  formations  included  between  the 
top  of  the  Upper  Silurian  and  the  base  of  tbe  Carboniferous*  on  account  of 
the  uncertainties  which  have  attended  the  subdivision  and  limitation  of  the 
Devonian  of  Europe,  and  also  on  account  of  the  immense  area  occupied  by 
these  beds  on  the  south  and  west  of  Lake  Erie,  and  their  admirable  deve- 
lopment with  regard  to  subdivisions  and  fossils.  The  name  "Erie  Divi- 
sion" was  also  that  originally  applied  to  this  typical  series  by  the  geologists 
of  the  Survey  of  New  York. 

A  large  part  of  the  paper  was  occupied  with  the  revision  of  the  Erian 
flora,  including  the.  description  of  twenty-three  new  species,  and  more 
ample  descriptions  of  others  previously  known  only  in  fragments.  Latge 
trunks  of  Prototaxites,  from  the  base  of  the  Lower  Devonian,  were  de- 
scribed, and  full  details  given  of  the  form,  structures,  and  fructification  of 
two  species  of  Psilophyton,  The  new  genus  Ormoxylon  was  described* 
The  genus  CycloHigma  was  noticed,  as  represented  by  two  species  in  Ame- 
rica, and  its  foliage  and  fruit  described  for  the  flrst  time.  The  genera  of 
the  Erian  Ferns  were  examined  and  corrected,  and  several  interesting  tmnki 
and  stipes  belonging  to  Tree-ferns  were  described.  The  fruits  of  tbe  genus 
Cardiocarpum  were  illustrated  with  reference  to  their  structure.  The 
occurrence  of  Lepidophloioa,  Calamodendron,  and  other  forms  in  the  Middle 
Devonian  was  noticed  for  the  first  time. 

The  third  part  of  the  memoir  was  occupied  with  comparisons  and  general 
conclusions.  At  the  close  of  the  Upper- Silurian  period  there  was  a  great 
subsidence  of  the  land  in  Eastern  America,  proved  by  the  wide  extent  of 
the  marine  beds  of  the  Lower  Hclderberg  (Ludlow)  group.  It  was  on  the 
small  areas  of  Lower-Silurian  and  Laurentian  land  remaining  after  thifl 
subsidence  that  the  oldest  land  plants  known  in  the  region  flourished. 
Re-elevation  occurred  early  in  the  Devonian  period,  and  the  known  flort 
receives  considerable  extension  in  the  shallow-water  beds  of  the  Lower 
Erian.  The  subsidence  indicated  by  the  great  Corniferous  limestone  inte^ 
rupted  these  conditions  on  the  west  side  of  the  Appalachians,  but  not  on 
their  eastern  side.  At  the  close  of  this  we  find  the  rich  Middle- Devonian 
flora,  which  diminishes  toward  the  close  of  the  period  ;  and,  after  the  phy- 
sical disturbance9  which  on  the  east  side  of  the  Appalachians  terminated 
the  Erian  age,  it  is  followed  by  the  meagre  and  quite  dissimilar  flora  of  the 
Lower  Carboniferous ;  and  this,  after  the  subsidence  indicated  by  the  Car* 
boniferous  limestone,  is  followed  by  the  Coal-formation  flora. 

If  we  compare  the  Erian  and  Carboniferous  floras,  we  find  that  the 
leading  genera  of  the  latter  arc  represented  in  the  former,  but,  for  thr 
most  part,  under  distinct  specific  forms,  that  the  Eriau  possesses  some 
genera  of  its  own,  and  that  many  Carboniferous  genera  have  not  yet  been 
recognized  in  the  Erian.  There  is  also  great  local  diversity  in  the  Erian 
flora,  conveying  the  impression  that  the  conditions  aflecting  the  growth  of 
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plants  were  more  Taried,  and  the  facilities  for  migration  of  species  less  ex* 
tenaiTe,  than  in  the  Carboniferous. 

In  comparing  the  Erian  flora  of  America  with  the  Devonian  of  Europe, 
^e  meet  with  the  difficultj  that  little  is  known  of  the  plants  of  the  Lower 
and  Middle  Devonian  in  Europe.  There  are,  however,  specimens  in  the 
•Museum  of  the  Geological  Survey  which  show,  in  connexion  with  facts 
which  can  be  gleaned  from  the  works  of  continental  writers,  that  Psilo^ 
pkyioH  occupied  the  same  important  place  in  Europe  which  it  did  in  Ame- 
rica ;  and  in  the  Upper  Devonian  the  generic  forms  arc  very  similar,  though 
the  Bpedea  are,  for  the  most  part,  different. 

In  Eastern  America  no  land  flora  is  known  below  the  Upper  Silurian ; 
and  even  in  that  series  the  plants  found  are  confined  to  the  genus  Psilo^ 
phytan.  Independently,  however,  of  the  somewhat  doubtful  Lower- Silu- 
rian plants  stated  to  have  been  found  in  Europe,  there  are  indications,  in 
the  Lower- Erian  flora,  that  it  must  have  been  the  successor  of  a  Silurian 
florm  as  yet  almost  unknown  to  us ;  and  the  line  of  separation  between  this 
old  flora  and  that  of  the  Devonian  proper  seems  to  be  at  the  base  of  the 
Middle  Devonian. 

In  applying  these  facts  and  considerations  to  the  questions  relating  to  the 
introduction  and  extinction  of  species,  and  the  actual  relations  of  successive 
floras,  it  was  proposed  to  compare  what  might  be  called  specific  types, — that 
is,  forms  which  in  any  given  period  could  not  be  rationally  supposed  to  be 
genetically  related.  Of  such  specific  types,  at  least  fifty  may  be  reckoned 
in  the  Erian  flora ;  of  these,  only  three  or  four  are  represented  in  the  Car- 
boniferous by  identical  species,  while  about  one  half  are  represented  by 
allied  species.     The  remainder  have  no  representatives. 

A  Table  of  specific  types  of  the  Erian  was  given,  and  its  bearing  shown 
on  the  questions  above  referred  to ;  and  the  hope  was  expressed  that  by 
separating  such  types  from  doubtful  species  and  varietal  forms,  some  pro- 
gress might  be  made  towards  understanding,  at  least,  the  times  and  con- 
ditions in  which  specific  types  were  introduced  and  perished,  and  the  range 
of  varietal  forms  through  which  they  passed. 


Presents  received  April  7,  1870, 

Transactions. 
Berwickshire  Naturalists* Club.    Proceedings.  Vol.  V.  No.  3.   8vo.  Aln^ 

wiel'  1865.  The  Club. 

Lyons : — Academic  Imperiale  des  Sciences,  BcUes-Lettres  et  Arts.  Me- 

moires.     Classc  des  Sciences.     Tome  XYII.  Svo.  Paris  1869-70. 

The  Academy. 
Naples : — Socictii  Realo.     Itendiconto  dellc  tomato  o   dei  lavori  dell' 

Accademia  di  Scienze  ^lorali  o  Politiche.  Anno  8.  8ettembre-Di- 

cembre  1869.  Svo.  NapoU  1869.  The  Academy, 
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Transactions  (contlntud)* 

Hottcrdam : — Bataafiscli  Ocnootschap  der  Froefondervindel^ke  "Wgabe- 
goerte.  Pecstredo  door  K.  M.  Oiltay.  4to.  BoUerdam  1869. 

TheSddety. 
Turin : — Eegio  Ossorvatorio  dell'  UniYersit&.  BollcUino  Heteorologioo  ed 
Astronomico.  Anno  3.  1868.  4to.  Torino,  The  Obeeiratoiy. 

Washington : — War  Department,  Surgeon-General's  Office.  (Sicolar 
No.  2.  (A  Keport  on  Excisions  of  the  Head  of  the  Femur  for  Gun- 
shot Injury.)  4to.  Washington  1869. 

The  Soigeon-General  n.8.  Army, 


Caliguy  (A.  dc)  Liste  dos  Memoires  ot  Notes  presontes  ik  1' Academic  dcs 
Sciences  ou  publics  dans  divers  rocueils.  4to.  Versailks  1869.  Bap- 
port  Bur  *'  Experiences  faites  k  I'ccluse  do  I'Aubois,  pour  determiner 
Teffct  utile  dc  I'Apparcil  k  Taide  duqud  IT.  dc  Caligny  diminuo  dans 
unc  proportion  considerable  la  consommation  d'eau  dans  les  canaux 
do  Navigation."  4to.  Paris  1869.  Sur  I'eflfct  dc  I'Apparoil  k  tube 
oscillanty  d*apres  les  experiences  du  jury  dc  I'Exposition  Universclle 
do  1867.  4to.  Paris  1869.  Note  sur  la  fondation  do  I'ancien  port 
dc  Cherbourg.  8vo.  Paris  1868.  The  Author. 

Settimanni  (Cesar)  D'une  seconde  nouvcUo  mdthodo  pour  determiner  la 
Parallaxe  du  Soleil.  8vo.  Florence  1870.  The  Author. 


Canadian  Naturalist  and  Quarterly  Journal  of  Science.     New  series. 
Yol.  lY.  Nos.  3,  4.  8vo.  Montreal  1869. 

The  Natural-History  Society  of  Montreal 


A2yril  28,  1870. 

Transactions. 

Liverpool : — Historic  Society  of  Lancashire  and  Cheshire.   Transactions. 
New  scries.    Yol.  IX.    Session  1868-69.    8vo.   Liverpool  1869. 

The  Societv. 
London  : — British  Association.    Report  of  the  Twenty-ninth  Meeting, 
held  at  Exeter  in  August  1869.  8vo.  London  1870. 

The  Association. 

Mathematical  Society.    Proceedings.    Nos.  20,  21.  Index,  &c.    8vo. 

Lomlon  1869.  The  Society. 

lloyal  Geographical  Societ)%   Journal.  Yol.  XXXIX.   8vo.   London 

1869.    Proceedings.  Yol.  XIY.  No.  1.  8vo.  Lomlon  1870. 

The  Society. 


^ 


1870.]  Presents.  837 

Le  Boy  (A.)  liber  Memorialis.  LTniversite  do  Liege  depuis  sa  fonda- 
tion.  roy.  8vo.  LUge  1869.  ^         The  University. 

IGchalowski  (F.)    Origines  Celtiques.  Svo.  Saint  ^tienne  1870. 

The  Author. 

IGquel  (F.  A.  0.)  Catalogos  Mosei  Botanici  Lngduiii-BataTi.  Pars  Prima, 
Flora  Japonica.  8yo.  Haga  Coniitls.  Annalcs  Musei  Botanici. 
Tom.  IV.  Fasc.  6-10.  fol.  Amst.  1869.  Tho  Museum. 

Miers  (J.,  F.R.S.)  Contributions  to  Botany,  Iconographic  and  Descriptive. 
Vol.  I.  4to.  London  1851-61.  Tho  Author. 

Owen  (Prof.,  F.E.S.)  Monograph  on  the  British  FossU  Cetacea  from  tho 
Bed  Crag.  No.  1  containing  Genus  Ziphim.  4to.  London  1870. 
Monograph  of  tho  Fossil  Bcptilia  of  the  Liassic  Formations.  Part 
second,  Pterosauria,  4to.  London  1870.  The  Author. 

Plateau  (J.)  Mcmoire  sur  les  Phenomenes  que  prcsento  uiio  Masso 
liquide  libre  et  soustraite  h  Taction  do  hi  Pesantcur.  Premiere  Partic. 
Becherches  exp<$rimcntales  et  theoriques  sur  Ics  figures  d'Equilibro 
d'une  Masse  liquide  sans  Pesan tour.  Series  2-6.  4to.  BnuvcUes  1842- 
61.  Tho  Author. 

Plateau  (Felix.)  Becherches  sur  les  Crustacc's  d'Eau  douce  do  Belgique. 
Parties  2,  3.  4to.  Briixelles  1868.  Materiaux  pour  hi  Fauue  Beige. 
Cmstaces  Isopodes  Terrestres.  8vo.  Bnixdles  1870.        The  Author. 

Richards  (Capt.,  F.R.S.)  and  Lieut.-Col.  Clarke.  Report  on  the  Maritime 
Canal  connecting  the  Mediterranean  at  Port  Said  with  the  Red  Sea 
at  Suez.  fol.  London  1870,  Captain  Richards,  R.N.,  F.R.S, 


Seven  Photographs  of  the  Total  Eclipse  of  the  Sun,  August  7,  1869, 
Surgeon-General's  Office,  Army  Medical  Museum,  Washington. 

The  Surgeon-General. 

Beports  on  Obecrvatious  of  tho  Total  Eclipse  of  the  Sun,  August  7,  1869, 
conducted  under  tho  direction  of  Commodore  B.  F.  Sands.  4to, 
Washington  1869.  Tho  U.S.  Naval  Observator}'. 


May  5,  1870. 
"^'^usactions. 

Baltimore : — Peabody  Institute.  Address  of  the  President  to  the  Board 
of  Trustees  on  the  Organization  and  Government  of  the  Institute, 
8vo.  1870.  Discourse  on  the  Life  and  Character  of  George  Pea- 
body,  by  S.  T.  Wallis.  8vo.  ]  870.  The  Institute. 
Brussels : — Academic  Royale.  Mcmoires  Couronnes  et  Momoires  des 
Savants  fitrangers.  Tome  XXXIV.  4to.  BruxeUes  1870.  Me'- 
moires  Couronnes  et  Autres  Mcmoires.  Collection  in  8vo.  Tomo 
XXI.  8vo.   BrvLxtUeslfilO.   BuUetins.  2«  serie.  Tomes  XXYU., 
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Transactions  (continued). 

XXVIII.,  XXIX.  Nos.  1-3.  8vo.  1860-70.  Amraaire  1870. 
12mo.  1870.  Nedcrlandsche  Gedichten  nit  de  Yeertiende  eenw  Tsn 
Jan  Bocndalc,  Hcin  van  Aken  en  andercn,  door  F.  A.  Snellacrt 
8vo.  Btnissel  1869.  The  Academy. 

Emdcn  : — Naturforschondc  Gcsellscbaft.  Yierzigster  Jahreabericht  fiir 
1854.  8vo.  EmdenlSBo.  Kleine  Schriflen,  V.-XIV.  8vo  &4to. 
Emden  1858-69.  Die  Gewitter  des  Jahrcs  1855;  £in  Beitrag, 
von  M.  A.  F.  Prestel.  8vo.  Emden  1856.  The  Society. 

Vienna : — K.  k.  Geologische  lleichsanstalt.  Jahrbuoh.  Jahrgang  1869. 
XIX.  Band.  Nos.  14-18.  8vo.  Wien  1869.  The  Inetitution. 


Breen  (Hugh)  On  the  Corrections  of  Bonvard's  Elements  of  the  Orbits  of 
Jupiter  and  Saturn.  4to.  Lomhn  1870.  The  Author. 

Dempsey  (J.  M.)  Our  Ocean  Highways :  a  condensed  Universal  Boute 
Book  by  Sea,  by  Land,  and  by  Rail.  8vo.  London  1870.      The  Editor. 

Quetelet  (A.,  For.  Mem.  11.  S.)  iPbysique  Sociale  on  Essai  sur  le  d^ 
veloppement  des  facultes  do  THommo.  Tome  II.  8vo.  Bruxellee  1869. 
Notice  sur  lo  Cougros  Statislicjuc  do  Florence  en  18G7.  4to.  Observa- 
tions des  rhenonitiies  rcriodiques  pendant  les  AnniH>s  1867  et  1868. 
4to.  Sur  Ics  Oragcs  obscrvoes  en  Bolgiquo  ISGS-Ol).  8vo.  Notices 
Bur  Ics  Aurores  Borealcs  des  lo  Avril  ot  1 3  Mai,  1 869.  8vo.  Note  sur 
TAurore  Bort5ale  du  6  Octobrc  ct  les  Orages  de  1869.  8vo.  Sur  les 
Etoiles  Filantes  du  Mois  d'Aout  1869,  observees  h  Bruxelles.  8va 
Statistique  InternatioTiale  de  TEurope,  plan  adopte  par  les  d<51^gue8 
officiels.  8vo.  Congros  iiilomational  de  statistique  des  delc'gues  des 
differents  pays.  8vo.  Sur  le  phonomene  de  la  Menstruation.  8vo. 
Annalcs  do  rObscrvatoirc  Royal  de  Bruxelles.  Tome  XIX.  4to. 
1869.     Annuaire  dorObscn-atoire  1S70.  37'' aimee.  12mo.  1869. 

Ileade  (Itev.  J.  B.,  F.B.S.)  Address  delivered  before  the  Royal  Micro- 
scopical Society  at  the  Auuiversary  Meeting,  Feb.  9,  lb70.  8vo, 
London  1870.  The  Author, 

Symons  (G.  J.)  British  Rainfall,  1S(;9.  On  the  Distribution  of  Rain 
over  the  British  Isles  during  the  year  1869.  8vo.  Ijondon  1870. 
Monthly  Meteorological  Magazine.  Nos.  46,  50,  51.  8vo.  London 
1869-70.     Report  of  the  Rainfall  Committee  for  the  year  1868-69. 

The  Author. 
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May  12,  1870. 

Dr.  WILLIAM  ALLEN  MILLER,  Treasurer  and  Vice-President, 

in  the  Chair. 

Thi  Croonian  Lecture,  by  Augustus  Waller,  M.D.,  F.R.S.,  of 
Geneva,  ''On  the  Results  of  the  Method  introduced  by  the 
Author  of  investigating  the  Nervous  System,  more  especially  as 
applied  to  the  elucidation  of  the  Functions  of  the  Fneumogastric 
and  Sympathetic  Nerves.''     Received  May  12, 1870. 

(Abstract.) 

Dr.  Waller  commenced  by  stating  that  he  had  been  long  engaged  in  the 
investigation  of  the  nervous  system  by  means  of  the  method  which  he  in- 
troduced many  years  ago.  After  drawing  attention  to  the  importance  of 
the  functions  of  the  nervous  system  as  the  seat  of  all  the  higher  faculties 
which  distinguish  animals  from  plants  and  man  from  the  lower  animals^  he 
referred  briefly  to  the  general  constitution  and  intimate  structure  of  the  ner- 
vooa  system.  It  is  known  that  after  a  nerve  has  been  disconnected  from  the 
central  organs,  its  medullary  part  undergoes  a  series  of  changes.  The  tu- 
bular medulla,  or  white  substance,  is  disintegrated  and  finally  converted 
mto  dark  granular  matter.  On  this  alteration  the  author  founded  his 
method  of  investigation,  as  it  enables  the  inquirer  to  distinguish  the  altered 
from  the  sound  fibres  at  any  point  of  their  course.  Dr.  Waller  soon  ap- 
plied his  method  to  the  study  of  the  sympathetic  nerve,  and  was  enabled 
thereby  to  clear  up  a  great  part  of  the  mystery  which  hung  over  the  origin 
and  functions  of  this  nerve — a  nerve  which  supplies  and  presides  over  some 
of  the  most  important  organs  in  the  body,  the  liver,  the  intestines,  the 
womb,  and  especially  the  blood-vessels. 

In  this  manner,  while  associated  with  Dr.  Budge,  the  author  determined 
the  part  of  the  spinal  cord  termed  by  them  the  cilio-spinal  region,  which, 
through  the  part  of  the  sympathetic  connected  with  it,  governs  the  dilating 
fibres  of  the  iris.  In  the  hands  of  Prof.  C.  Bernard,  Brown-Sequard, 
Dr.  Waller,  and  others  the  results  obtamed  in  this  inquiry  have  shown  the 
relation  of  the  spinal  cord  to  the  important  functions  which  the  sympathetic 
nerve  exercises  in  regulating  the  supply  of  blood  in  the  vessels  and,  as  a 
consequence,  in  controlling  the  general  nutrition  and  temperature  of  the 

body. 

Dr.  Waller  next  applied  his  method  to  the  elucidation  of  the  functions 
of  the  ganglions  or  swellings  found  on  the  origin  of  many  nerves. 

On  dividing  the  roots  of  the  spinal  nerves,  it  was  found,  after  a  certain 
kpse  of  time,  that  on  the  posterior  root,  which  is  alone  possessed  of  a  gan- 
glion, the  central  segment  remaining  in  connexion  with  the  spinal  cord 
became  disorganized  and  its  elements  passed  into  a  state  of  granular  degene- 
radon ;  whereas  in  the  distal  segment  remaining  in  connexion  with  the  gan- 
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glion  the  nervous  elements  retained  all  their  normal  atructure,  evidently 
showing  that  continuity  with  the  spinal  cord  does  not  prerent  it  from 
heconiing  disorganized,  whereas  its  conneuon  with  the  intervertebral  gan- 
glion suffices  to  preserve  its  integrity  of  structare. 

In  the  divided  anterior  root  the  phenomenon  takes  place  in  an  exactly 
inverse  manner  from  the  former.  For  in  this  instance  the  central  portioa 
connected  with  the  spinal  cord  retains  its  normal  stmcture,  vUle  the  distal 
part  becomes  disorganized  and  reduced  to  a  granular  state.  We  therefbre 
arrive  at  this  conclusion^  viz.  that  the  spinal  cord  confers  on  the  anterior 
root  that  unknown  vital  power  whereby  its  elements  resist  granular  dtsor- 
ganizatiou  ;  whereas  for  the  posterior  root,  on  the  contrary,  this  preserva- 
tive power  is  no  longer  an  attribute  of  the  spinal  cord,  but  resides  in  the 
ganglion. 

Tlie  author  pointed  out  the  important  bearings  these  results  had  on  pa* 
thology — that  henceforth  in  diseases  of  the  spinal  cord  and  of  the  brain^  we 
had  to  endeavour  in  our  pathological  examinations  of  these  parts  to  ascer- 
tain in  each  case  how  far  the  alterations  could  be  referred  to  the  sepaiatifla 
of  a  part  from  its  trophic  centre. 

Dr.  Waller  then  referred  to  his  researches  on  the  Fneumogaatric  asl 
Spinal  Accessory  Nerves. 

If,  from  among  the  various  nerves  of  the  human  body,  we  were  called  upoa 
to  point  out  that  which  has  most  exercised  the  patience  and  ingenuity  of 
anatomists  and  physiologists,  we  should  at  once  indicate  the  vagus.  Iti 
distribution  to  the  larynx,  the  lungs,  the  heart,  and  the  stomach  shows  ui 
at  a  glance  the  important  nature  of  its  functions.  At  its  origin  it  is  formed 
by  roots  springing  from  the  medulla  oblongata,  to  which  is  added  after- 
wards a  considerable  branch  from  the  accessorius,  which  joins  and  mingles 
with  the  pure  vagus  with  which  its  fibres  become  intimately  blended.  The 
problem  to  be  solved,  therefore,  is  the  precise  functions  of  each  or  of  either 
(t.  e.  the  accessorius  or  pure  vagus)  before  their  anastomosis. 

In  ordinary  circumstances  nothing  would  be  more  simple  than  to  uncover 
the  ner\'es  and  to  galvanize  each  separately,  as  in  the  case  of  an  ordinary 
spinal  pair.  But  here  the  case  is  different.  In  their  origin  these  nerves 
are  so  close  to  the  medulla  oblongata  and  the  blood-vessels  that  any  such 
operation  is  quickly  fatal,  and  the  irritation  of  the  minute  roots  of  each 
ner\'c  in  close  proximity  renders  it  impossible  to  obtain  any  precise  results. 
Professor  Bischoff's  attempts  at  division  of  the  roots  of  the  accessorius  in 
the  vertebral  canal  rendered  it  probable  that  it  gave  motor  fibres  to  the 
vagus  which  were  distributed  to  the  larynx.  So  far  the  previsions  of  Sir 
Charles  Bell  were  confirmed,  who  compared  the  internal  branch  to  the  an- 
terior or  motor  part  of  a  spinal  pair,  and  the  true  vagus  with  its  ganglion 
to  the  posterior  root.  Professor  C.  Bernard  had,  however,  succeeded  in 
entirely  destroying  the  power  of  the  accessorius  by  evulsion  of  its  roots, 
and  had  arrived  at  the  conclusion  that  all  the  fibres  of  this  nerve  are  distri- 
buted to  the  laryngeal  muscles  whose  functions  are  connected  with  the  pro- 
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duction  of  vocal  sounds,   wliile  other   tibri.s   iVuiii  tlii'  j)iiie  \.i^-u>  ^owiii 
certain  nutriti?e  or  organic  functions  connected  with  respiration. 

In  order  to  separate  the  functions  of  the  one  from  the  other,  we  require 
to  destroj  all  the  fibres  of  the  accessorius  and  leave  the  others  intact,  which 
has  been  done  most  effectually  bj  Dr.  Waller's  process ;  first  disconnecting 
the  accessorius  from  the  medulla,  on  Bernard's  plan,  and  afterwards  allowing 
the  animal  to  live  sufficiently  long  for  the  fatty  degeneration  to  take  place, 
or  about  seven  or  eight  days.  The  vagus  then  being  galvanized  at  every 
part  of  its  length,  it  is  found  impossible  to  affect  either  the  action  of  the 
heart  or  the  stomach,  and  the  only  result  is  to  cause  slight  movements  of 
the  larynx. 

It  is  therefore  evident  that  Sir  Charles  Bell's  ideas  respecting  this  nerve 
are  in  a  great  measure  demonstrated  by  this  experiment ;  the  only  excep- 
tion being  with  regard  to  certain  fibres  of  a  motor  nature  distributed  to  the 
laiynx,  which  it  may  be  surmised  are  derived  from  some  anastomotic  source, 
and  therefore  not  contained  in  the  vagus  at  its  origin.  Dr.  Waller  referred 
to  the  recent  researches  on  this  subject  by  Professor  Vulpian,  MM.  JoUiet, 
Sehiff,  and  Heidenhain,  who  have  confirmed  the  results  above  stated. 

The  Lecturer  then  proceeded  to  his  observations  on  the  pneumogastric 
and  sympathetic  nerves  on  man  in  health  and  in  certain  affections  of  the 
nenrouB  system. 

He  was  first  induced  to  undertake  this  subject  on  account  of  the  unsa- 
tisfiictory  results  obtained  by  galvanizing  this  nerve  and  the  cervical  sym- 
pathetic on  man.  In  man  this  operation  is  frequently  resorted  to  by  me- 
fficftl  men,  but  in  no  case  has  any  one  asserted  that  any  of  the  known 
symptoms  of  irritation  of  those  nerves,  such  as  stoppage  of  the  heart's 
action,  dilatation  of  the  pupil  or  contraction  of  the  vessels,  have  been  pro- 
duced. The  inference  is  that  it  is  erroneous  to  suppose  that  they  were  in 
any  d^;ree  affected  by  galvanism.  By  means  of  mechanical  irritation  ap- 
plied over  these  nerves  in  the  neck.  Dr.  Waller,  in  1862,  found  that  most  of 
the  known  effects  of  their  irritation,  such  as  dilatation  of  the  pupil  &c.,  can 
be  induced.  The  principal  effects  thus  induced  are  nausea,  tenderness,  or 
oppreation  over  the  preecordia,  and  stoppage  of  the  heart's  action  more 
or  less  complete ;  dilatation  of  the  pupil  of  the  same  side,  and  fall  of  tem- 
perature of  the  cheek  and  ear,  amounting  to  2^  or  3°  Centigrade,  as  ascer- 
tained by  one  of  Geissler's  delicate  thermometers.  All  these  effects  corre- 
ipond  to  those  produced  by  galvanism  on  the  denuded  nerves.  By  means 
of  the  mechanical  irritation  of  the  pneumogastric  in  cases  of  vomiting,  the 
vomiting  has  been  instantly  stopped,  sometimes  returning  again  imme- 
diately the  irritation  was  removed ;  at  other  times  a  permanent  relief  was 
proctured. 

He  lastly  referred  to  the  effects  of  collapse  and  syncope  produced  by  the 
irritation  of  these  nerves.  This  effect  was  well  known  to  Aristotle,  who 
attributes  it  to  the  compression  of  the  veins,  and  describes  the  effects  very 
•ccnrately  in  the  following  passage : — 

2d2 
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'*iy  tKiKafijinyofiiytitr  Mart  llwOer,  5rcv  vriy/Mv 
aiOlfUTToi,  fitr  dyaioBtiaiat  rd  (iXifapa  ffv/i/3e/3Xqcorcf." 

Dr.  Waller  has  frequently  obaerred  the  same  symptoms,  tiz.  the  sodden 
collapHc  and  temporary  insensibility ;  bat  in  general  the  effects  are  eoofined 
to  a  .state  of  depressioji  more  or  less  strong,  which  may  be  moderated  by  gra- 
duating the  degree  of  irritation  applied.  He  belieres  that  this  fact  may  be 
taken  advantage  of  and  applied  as  a  means  of  indacing  asthenia  or  debility 
for  the  purpose  of  facilitating  certain  operations  in  sargeiy,  such  as  the 
reducing  of  fractures  or  even  hernia,  in  lieu  of  the  administration  of  other 
an(Rsthctic9|  such  as  chloroform  or  tobacco,  which  present  a  certun  degree 
of  danger  not  attending  the  compression  of  the  yagns.  In  confirmation 
of  this  idea,  he  cites  a  case  of  reduction  of  the  shoulder-joint  in  this 
TDAriner : — 

(*.,  a  journeyman  baker  of  powerful  athletic  frame,  dislocated  the  head 
of  tlic  humerus  beneath  the  clavicle  by  a  fall  down  stairs.  While  the  man 
was  lyinp;  on  the  bed  some  unavailing  attempts  were  made  to  reduce  the 
luxation  by  Dr.  Waller  himself.  Dr.  Prevost,  and  Dr.  Julliard.  Dr.  Jul- 
Hard,  whose  patient  he  was,  sent  for  some  chloroform  to  facilitate  the 
o[)eration  by  inducing  ansestbesia.  In  the  meantime  Dr.  Waller  proposed 
to  make  another  attempt  with  the  assistance  of  the  compression  of  the 
vagus.  After  removing  the  pillows  at  the  head  and  arranging  the  patient 
more  comfortably.  Dr.  Waller  stood  at  the  head  of  the  bed  to  apply  com- 
pression on  both  sides,  while  Dr.  Julliard  and  Dr.  Prevost  performed  ex- 
tension and  counter  extension.  At  the  end  of  about  two  or  three  minutes, 
j  ust  when  the  carotids  had  ceased  to  be  felt  beating  beneath  the  fingers*  a 
sudden  click  indicated  the  return  of  the  bone  into  its  cavity. 

The  lecturer  concluded  with  the  following  words : — "  In  terminating 
his  lecture,  I  cannot  refrain  from  urging  on  your  attention  that,  if  much 
has  been  already  accomplished  by  means  of  this  method,  there  still  remains 
a  vast  field  of  inquiry  unexplored  before  us.  The  nervous  system,  central 
and  peripheral,  is  an  immense  and  intricate  series  of  nerve-tubes  and  of 
ganglion-cells,  and  by  the  method  I  have  laid  before  you  we  have  already 
rt»fognized  in  these  elements  a  great  degree  of  mutual  dependence.  Within 
these  limits  arc  contained  the  organic  substratum  of  all  that  is  most  noble 
in  our  being,  of  all  that  elevates  the  animal  above  the  plant,  and  that  gives 
man  preeminence  over  the  animal.  No  one  can  doubt  the  importance 
of  a  thorough  knowledge  of  this  system  for  the  efficient  treatment  of  the 
diseases  that  affect  it.  And  it  may  be  reasonably  hoped  that  the  full 
development  of  the  method  here  especially  referred  to,  combined  with  other 
modes  of  investigation,  will  materially  contribute  to  gain  for  us  a  greater 
insight  into  the  nature  of  this  so  highly  endowed  part  of  our  organism. 

"  Much  that  is  at  present  required  is  a  combined  and  methodical  applica* 
tion  of  the  powers  and  knowledge  which  we  possess;  something,  in  fact, 
resembling  that  which  has  been  done  by  mapping  out  the  surface  of  our 
satellite  in  separate  small  compartments,  each  of  which  is  assigned  to  a 
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di£ferent  obaerrer.  I  cannot  belp  entertaining  the  hope  that  something  of 
the  sort  will  sooner  or  later  be  undertaken  with  regard  to  the  investigation 
of  the  whole  nenrous  system*'* 


Maij  19,  1870. 
General  Sir  EDWAED  SABINE,  K.C.B.,  President,  in  the  Chair. 

The  following  communications  were  read : — 

I.  "  A  Ninth  Memoir  on  Quantics.*'     By  Prof.  Cayley,  F.R.S. 

Beceived  April  7,  1870. 

(Abstract.) 

It  was  shown  not  long  ago  by  Prof.  Gordan  that  the  number  of  the 

irreducible  covariants  of  a  binary  quantic  of  any  order  is  finite  (see  his 

memoir  "  Beweis  das  jede  Covariante  und  Invariante  einer  biniiren  Form 

eine  ganze  Function  mit  numerischen  Coefficienten  einer  endlichen  Anzalil 

Bolcher  Formen  ist,"  Crelle,  t.  69  (ISCD),  Memoir  dated  8  June  1868), 

and  in  particular  that  for  a  binary  quantic  the  number  of  irreducible  co- 

Tariants  (including  the  quantic  and  the  invariants)  is  =  23,  and  that  for  a 

binary  sextic  the  number  is  =  26.     From  the  theory  given  in  my  "  Second 

Memoir  on  Quantics/'  Phil.  Trans.  1856,  I  derived  the  conclusion,  which 

IS  it  now  appears  was  erroneous,  that  for  a  binary  quintic  the  number  of 

irreducible  covariants  was  infinite.     The  theory  requires,  in  fact,  a  modifi- 

eaUon,  by  reason  that  certain  linear  relations,  which  I  had  assumed  to  be 

independent,  are  really  not  independent,  but,  on  the  contrary,  linearly 

connected  together :  the  interconnexion  in  question  does  not  occur  in 

regard  to  the  quadric,  cubic,  or  quartic ;  and  for  these  cases  respectively 

the  theory  is  true  as  it  stands ;  for  the  quintic  the  interconnexion  first 

presents  itself  in  regard  to  the  degree  8  in  the  coefficients,  and  order  14  in 

the  variables ;  viz.  the  theory  gives  correctly  the  number  of  covariauts  of 

*Qy  degree  not  exceeding  7,  and  also  those  of  the  degree  8,  and  order 

^  than  14 ;  but  for  the  order  14  the  theory  as  it  stands  gives  a  non- 

^tent  irreducible  covariant  (a,  .  .)X^»  y)"  >  ^'^^*  ^'^  have,  according  to 

the  theory,  5=(10— 6)  +  l,  that  is,  of  the  form  in  question  there  are  10 

composite  covariauts  connected  by  6  syzygies,  and  therefore  equivalent  to 

lO-.6,=s4  asyzygetic  covariants;  but  the  number  of  asyzygetic  covariants 

heiog  =  5y  there  is  left,  according  to  the  theory,  1  irreducible  covariant  of 

^he  fonn  in  question.    The  fact  is  that  the  6  syzygies  beir.g  interconnected 

^  equivalent  to  5  independent  syzygies  only,  the  composite  covariants 

^equivalent  to  10— 5,s3  5,  the  full  number  of  the  asjzygelic  covariants. 

And  similarly  the  theory  as  it  stands  gives  a  non-existent  irreducible  co- 

variiat  («, .  ./(^j  y)**^.    The  theory  being  thus  in  error,  by  reason  that  i: 
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omits  to  take  account  of  the  interconnexion  of  the  Bytygies,  then  b  no 
difficulty  in  conceiving  that  the  effect  is  the  introduction  of  an  iofiiiito 
series  of  non-existent  irreducible  coyariants^  which^  when  the  error  ia  oor» 
rected,  will  disappear,  and  there  will  he  left  only  a  finite  series  of  irre- 
ducible covariants. 

Although  I  am  not  able  to  make  this  correction  in  a  general  manner  so 
as  to  show  from  the  theory  that  the  number  of  the  irreducible  oovariants 
is  finite,  and  so  to  present  the  theory  in  a  complete  form,  it  nevertheless 
appears  that  the  theory  can  be  made  to  accord  with  the  facts  ;  and  I  re- 
produce the  theory,  as  well  to  show  that  this  is  so  as  to  exhibit  certain 
new  formulae  which  appear  to  me  to  place  the  theory  in  its  true  light.  I 
remark  that  although  I  have  iu  my  second  memoir  considered  the  question 
of  finding  the  number  of  irreducible  covariants  of  a  given  degree  6  in  the 
coefficients  but  of  any  order  whatever  in  the  variables,  the  better  course  is 
to  separate  these  according  to  their  order  in  the  variables,  and  so  con- 
sider the  question  of  finding  the  number  of  the  irreducible  covariants  of  a 
given  degree  d  in  the  coefficients,  and  of  a  given  order  fi  in  the  variables. 
(This  is,  of  course,  what  has  to  be  done  for  the  enumeration  of  the  irre* 
ducible  covariants  of  a  given  quantic ;  and  what  is  done  completely  for 
the  quadric,  the  cubic,  and  the  quartic,  and  for  the  quintic  up  to  the 
degree  6  in  my  Eighth  Memoir  (Phil.  Trans.  1867).  The  newformnlv 
exhibit  this  separation  ;  thus  (Second  Memoir,  No.  49),  writing  a  instead  of 

a?,  we  have  for  the  quadric  the  expression  Vf_~^Y/~i  Z.  a\'  showing  that  we 
have  irreducible  covariants  of  the  degrees  1  and  2  respectively,  viz,  the 

quadric  itself  and  the  discriminant :  the  new  expression  is  /,- -w. ixi 

^  (1— ajr)(l— 0*) 

showing  that  the  covariants  in  question  are  of  the  actual  forms 
(a,  .  .y\i\  ijy  and  (a,  .  .  )2  respectively.     Similarly  for  the  cubic,  instead 

of  the    expression   No.  55.   (!_«)  (j.^iw'f _„:,)(, -_-.y    we    hare 

1—tfV 

(I  -«a-^')  (1  -fl-V)  (1  -«V)  (1  -fl*)'    exhibiting  the  irreducible  covari- 

ants  of  the  forms  (or,  .  .J-^*  y)*»  (a.  •  0'  On  y)',  («..)' (*.y)%  and 
(a,  . .)',  connected  by  a  syzygy  of  the  form  (a,  . .)'  (.r,  tfY ;  and  the  Uke 
for  quantics  of  a  higher  order. 

In  the  present  Ninth  Memoir  I  give  the  last-mentioned  formulie;  I 
carry  on  the  theory  of  the  quintic,  extending  the  Table  No.  82  of  the 
Eighth  Memoir  up  to  the  degree  8,  calculating  all  the  sysygies,  and  thus 
establishing  the  interconnexions,  in  virtue  of  which  it  appears  that  there 
are  really  no  irreducible  covariants  of  the  forms  (a, .  .y  (a.-,  yy\  and 
(a,  .  .'X-*^»y)^-  I  reproduce  in  part  Prof.  Gordan's  theory  so  far  as  it 
applies  to  the  quintic ;  and  I  give  the  expressions  of  such  of  the  23  co- 
variants  as  are  not  given  in  my  former  memoirs ;  these  last  were  calculated 
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for  me  by  Mr.  W.  Barrett  Davis,  by  the  aid  of  a  grant  from  the  Donation 
Fund  at  the  disposal  of  the  Royal  Society.  The  paragraphs  of  the  present 
memoir  are  numbered  consecutively  with  those  of  the  former  memoirs  on 
Quantics. 

II.  "  On  the  Cause  and  Theoretic  Value  of  the  Resistance  of  Flexure 
in  Beams."     By  W.  H.  Barlow,  F.R.S.     Received  April  13, 

1870. 

(Abstract.) 

The  author  refers  to  his  previous  papers,  read  in  1855  and  1857,  wherein 
he  described  experiments  showing  the  existence  of  an  element  of  strength 
in  beams,  which  varied  with  the  degree  of  flexure,  and  acts  in  addition 
to  the  resistance  of  tension  and  compression  of  the  longitudinal  fibres. 
It  was  pointed  out  that  the  ratio  of  the  actual  strength  of  solid  rectan- 
gular beams  to  the  strength  as  computed  by  the  theory  of  Liebnitz  is, 

In  cast  iron>  as  about  2|  to  1 . 

In  wrought  iron  as  Ijj-  and  12  to  1. 

And  in  steely  as  If  and  1^  to  1. 

The  theory  of  Liebnitz  assumes  a  beam  to  be  composed  of  longitudinal 
fibres  only,  contiguous,  but  unconnected,  and  exercising  no  mutual  lateral 
action.  Bat  it  is  remarked  that  a  beam  so  constituted  would  possess  no 
power  to  resist  transverse  stress,  and  would  only  have  the  properties  of 
a  rope. 

Cast  iron  and  steel  contain  no  actual  fibre,  and  wrought  iron  (although 
8ome  qualities  are  fibrous)  is  able  to  resist  strain  nearly  equally  in  any 
direction. 

The  idea  of  fibre  is  convenient  as  facilitating  investigation  ;  but  the  word 
fibre,  as  applied  to  a  homogenous  elastic  solid,  must  not  be  understood  as 
meaning  filaments  of  the  material.  In  effect  it  represents  lines  of  direc- 
tion, in  which  the  action  of  forces  can  be  ascertained  and  measured  ;  for 
ui torsion-shearing  and  ''angular  deformation"  the  fibres  are  treated  by 
fonner  writers  as  being  at  the  angle  of  45°,  because  it  has  been  shown 
that  the  diagonal  resistances  have  tlieir  greatest  manifestation  at  that 
•ogle. 

Elastic  solids  being  admitted  to  possess  powers  of  resistance  in  the 
^^ion  of  the  diagonals,  attention  is  called  to  omission  of  the  efi^ect  of 
'^■iitaace  in  the  theory  of  beams. 

•  The  author  then  states,  as  the  result  of  his  investigation,  that  compres- 
^  and  extension  of  the  diagonal  fibres  constitute  an  element  of  strength 
^Qal  to  that  of  the  longitudinal  fibres,  and  that  flexure  is  the  conse- 
l^ce  of  the  relative  extensions  and  compressions  in  the  direct  and  din- 
pDal  fibres,  arising  out  of  the  amount,  position,  and  direction  of  applied 
Arees. 
forsoiiig  the  subject^  it  is  shown  that  certain  normal  relations  subsist 
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between  the  strains  of  direct  fibres  and  tbeir  relatiTe  diagonala^  ercnly 
distributed  strain  being  tbat  in  which  the  strain  in  the  direct  fibrei  is 
accompanied  bj  half  the  amount  of  strain  in  the  relative  diagonal  fibrea. 

Any  disturbance  of  this  relation  indicates  the  presence  of  another  force. 

Thus  tensile  forces  applied  at  riffht  angles  to  compresaiye  forces  of 
equal  amount,  produce  no  strain  in  the  diagonals.  Bnt  if  forces  applied 
at  right  angles  to  each  other  are  both  tensile,  or  both  compressiTe,  the 
strain  in  the  diagonal  is  as  great  as  that  in  the  direct  fibres. 

It  is  also  pointed  out  that  in  a  given  fibre  a  b  e,  the  point  6  may  be 
moved  with  regard  to  a  and  e,  thus  producing  plus  and  minus  atruna  in 
the  same  fibre. 

Treating  a  solid  as  being  made  up  of  a  scries  of  laminae,  and  showin 
that  every  change  of  figure  can  be  represented  by  the  variation  in  lengt 
of  the  diagonals,  taken  in  connexion  with  those  of  the  direct  fibres,  th 
author  proceeds  to  trace  the  effects  of  the  application  of  tensile  and  cam 
pressive  forces  acting  longitudinally  on  either  side  of  the  neutral  plane=_ 
and  shows  that  curvature  is  the  result  of  the  relation  between  the  strain 
in  direct  fibres  and  those  in  the  diagonals. 

The  operation  of  a  single  tensile  force  applied  along  one  side  of  th 
plate  and  a  transverse  stress  are  likewise  traced  out,  and  the  conditio 
of  "  elastic  equilibrium'*  referred  to. 

The  amount  of  resistance  offered  by  the  diagonal  fibres  is  shown 
follows : — 


abed  represents  a  portion  of  a  beam  strained  by  transverse  for 
into  the  circular  curve  a  e. 
Two  resistances  arise. 

1.  That  due  to  the  extension  and  compression  of  the  longitudinal  fib/«" 
produced  by  the  rotation  of  6  rf  about  the  neutral  axis,  which  is  th 
resistance  considered  in  the  theory  of  Leibnits. 

2.  That  due  to  the  extension  and  compression  of  the  diagonal  fibrMi 
caused  by  the  deformation  of  the  square  abed  into  the  figure  a  hot, 
which  is  the  resistance  of  flexure. 

It  is  then  shown  that  in  a  solid  rectangular  beam,  the  second  resist- 
ance is  equal  to  the  first,  and  that  both  resistances  act  independently,  and 
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Meqaentlj  that  the  trae  theoretic  resistance  of  a  solid  rectangular  beam  is 
letly  twice  that  arrived  at  by  the  theory  of  Leibnitz, 
The  strength  so  computed  is  in  general  accordance  with  the  results  of 
periments  in  cast  iron,  wrought  iron,  steel,  and  other  materials,  the 
izimnm  strength  being  found  in  cast  iron,  which  is  one-eighth  above, 
d  the  minimum  in  glass,  which  is  one-fourth  below  the  calculated 
ength. 

The  author  considers  this  treatment  of  the  subject  as  arising  necessarily 
t  of  Dr.  Hook's  law  '*  ut  tensio  sic  vis,"  and  that  it  is  in  effect  com- 
fting  the  application  of  those  principles  which  were  only  partially  ap- 
ed by  Leibnitz. 

The  paper  concludes  with  some  practical  illustrations  (accompanied  by 
otographs)  of  the  effect  of  diagonal  action. 

The  appendix  contains  the  results  of  experiments  on  the  tensile,  com« 
easive,  and  transverse  resbtances  of  steel. 

L  "On  Deep-sea  Thermometers.^'  By  Staff-Commander  John  E, 
Davis,  R.N.  Communicated  by  Capt.  Richards,  R.N.,  Hy- 
drographer  of  the  Admiralty.     Received  April  18,  1870. 

(Abstract.) 

The  results  of  thermometric  observations  at  great  depths  in  the  ocean 
it  being  of  a  satisfactory  nature,  the  attention  of  the  Iljdrographer 
the  Navy  was  directed  to  the  defects  in  the  construction  of  the  Six*s 
If-registering  thermometers  then  in  use,  and  also  to  the  want  of  know- 
Ige  of  the  effects  of  compression  on  the  bulb  ;  and  as  it  was  known  that 
delicate  thermometer  was  affected  in  vacuo,  it  was  natural  to  suppose 
at  an  opposite  effect  would  be  had  by  placing  them  under  pressure,  and 
irticularly  such  as  they  would  be  subjected  to  at  great  depths. 
Several  thermometers,  of  a  superior  construction,  were  made  by  different 
ftkers,  and  permission  was  granted  to  make  experiments  by  pressure  in  an 
rdraulic  press ;  but  much  delay  was  caused  by  not  being  able  to  obtain  a 
esa  suitable  to  the  requirements,  until  Mr.  Casella,  the  optician,  had  a 
Bting-apparatus  constructed  at  his  own  expense,  and  the  experiments 
nre  commenced. 

Previous  to  the  experiments  being  made.  Dr.  W.  A  Miller,  V.P.R.S., 
oposed,  or  rather  revived,  a  mode  of  protecting  the  bulb  from  compres- 
m  by  encasing  the  full  bulb  in  glass,  the  space  between  the  case  and 
e  bulb  being  nearly  filled  with  alcohol*. 

A  wrought-iron  bottle  had  been  made  to  contain  a  thermometer,  for  the 
irpose  of  comparison  with  those  subjected  to  compression  ;  but  it  failed, 
id  finally  burst  under  great  compression ;  it  proved,  however,  of  but 
;tk  consequence,  as  those  designed  by  Dr.  Miller  showed  so  little  dif- 
renee  under  pressure  that  they  were  at  once  accepted  as  standards. 

*  Vide  FrooeediogB  of  ihe  Boyal  Society,  vol.  xvii.  No.  113,  June  17, 1869. 
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Two  series  of  experiments  were  then  most  cftrefnllj  made,  at  pretnuct 
equal  to  depths  of  250,  500,  750,  &c.  to  2500  fathomi^  the  rcaulU  of 
which  satisfactorily  proved  that  the  strongest'inade  unprotected  thenno- 
meters  were  liable  to  considerable  error,  and  therefore  that  all  prerioiia 
obserirations  made  with  such  instruments  were  incorrect* 

Experiments  were  also  made  in  the  testing-apparatus  with  Sir  Wm. 
Thomson's  enclosed  thermometers,  to  ascertain  the  calorific  effect  pro- 
duced by  the  sudden  compression  of  water,  in  order  to  find  what  error,  if 
any,  was  due  to  compression  in  the  Miller  pattern :  an  error  wai  prored 
to  exist,  but  small,  amounting  to  no  more  than  1°*4  under  a  presrare  of 
3  tons  to  the  square  inch. 

The  dredging  cruize  of  the  '  Porcupine*  afforded  an  opportunity  of  com- 
paring the  results  of  the  experiments  made  in  the  hydraulic  testing-appa- 
ratus, with  actual  observation  in  the  ocean,  and  a  most  careful  aeries  d^^ 
observations  were  obtained  by  Staff-Commander  £.  K.  Calver  at  depths  - 
corresponding  to  the  pressure  applied  in  the  testing-apparatus ;  the  result  .= 
was  that,  although  there  was  a  difference  in  the  curves  drawn  from  the-^ 
two  modes  of  observation,  still  the  general  effect  was  the  same,  and  the^ 
means  of  the  two  were  identical. 

From  these  experiments  and  observations  a  scale  has  been  made  b] 
which  observations  made  by  thermometers  of  similar  construction  to 
with  unprotected  bulbs  can  be  corrected  and  utilized,  while  it  is  proposecL 
that  by  means  of  observations  made  with  the  ^filler  pattern  in  the  posi— * 
tions  and  at  the  same  depths  at  which  observations  have  been  made  witla. 
instruments  not  now  procurable  for  actual  experiment,  to  form  a  scale  for* 
correcting  all  observations  made  with  that  particular  type. 

In  conclusion,  it  is  suggested  that  to  avoid  error  from  the  unsatisfactory 
working  of  the  steel  indices,  which,  from  mechanical  difficulties  in  their* 
construction,  cannot  always  be  depended  on,  two  instruments  should  b^ 
sent  down  for  every  observation  ;  and  although  their  occasional  disagree-- 
ment  of  record  may  raise  a  doubt,  a  little  experience  will  enable  th^ 
observer  to  detect  the  faulty  indicator,  while  their  agreement  will  create 
confidence. 

A  description  of  such  deep-sea  metallic  thermometers  as  have  beerB. 
invented  is  appended, 

IV.  "On  the  Chemical  Activity  of  Nitrates.'^  By  Edmund  J* 
Mills,  D.Sc.  Communicated  by  Prof.  A.  W.  Williamsox- 
Received  April  21,  1870. 

(Abstract.) 

In  the  course  of  his  researches  upon  nitro-compounds,  the  author  found 
.  it  extremely  desirable  to  submit  the  genetic  relations  of  those  bodies  to  a 
.detailed  examination ;  in  other  words,  to  trace  the  modifications  undergone 
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bj  uitryl  as  it  is  transmitted  (tVom  the  chloride,  hydrate,  or  iVee  radical) 
through  an  adequate  succession  of  combinations.  One  of  the  first  steps 
in  this  direction  is  the  preparation  of  nitrylic  chloride,  which  can  be  most 
easily  effected,  according  to  a  statement  in  Watts's  '  Dictionary  of  Che- 
mistry'  *,  by  the  action  of  phosphoric  oxjchloride  on  plumbic  nitrate — 

3  Pb  (N0J,+  2  PO  Cl3=Pb3(PO,),-f  6  N0,C1. 

Among  other  modes  of  verifying  this  equation,  the  examination  of 
the  residue  left  behind  when  excess  of  the  oxychloride  is  heated  with 
plumbic  nitrate,  and  then  distilled  off  in  a  current  of  dry  air,  appeared  the 
most  simple  and  obvious.  The  results  were  found  not  to  agree  with  the 
equation;  and  after  three  nitrates  had  been  tried,  a  law  of  chemical 
sictivity  became  evident,  rendering  the  reaction  worthy  of  pursuit  for  its 
<iwn  sake,  although,  as  an  available  source  of  nitrylic  chloride,  it  had 
ikiled  entirely.  The  nature  and  mode  of  establishment  of  this  law  con- 
stitute the  subjects  of  the  author's  memoir. 

When  a  nitrate  is  treated  with  phosphoric  oxychloride,  as  has  just  been 
mentioned,  the  residue  contains  phosphoric  oxide  and  a  metallic  chloride. 
"Within  the  limits  of  experimental  error,  or  subject  to  other  satisfactory 
explanation,  the  ratio  between  these  two  products  is  constant  for  each 
xiitrate ;  and  from  that  ratio  a  quotient  a  can  be  found  as  follows  : — 

weight  of  chlorine 

CI  weight  of  chlorine  j.^^ 

weight  of  phosphoric  oxide  ""weight  of  phosphoric  oxide 

This  quotient,  which  is  different  for  each  nitrate,  is  termed  the  "  co- 
^HBcient  of  chemical  activity  "  of  nitrates,  and  the  method  of  obtaining  it 
£s  designated  the  **  method  of  ratios.*'  The  data  from  which  a  is  deduced, 
n^ely,  certain  weights  of  argentic  chloride  and  magnesic  pyrophos- 
P^uUe,  are,  if  singly  considered,  new  with  each  experiment ;  they  depend 
OS  time,  rate  of  heating,  the  state  of  division^of  the  nitrate,  and  other  con- 
Atbns.  But,  assuming  the  results  to  have  been  brought  about  under  a 
^w  of  chemical  action,  the  values  of  a  must  be  independent  of  those  cir- 
^'^stances,  by  which  the  primitive  numerator  and  denominator  could  have 
^^^U  only  pari  passu  affected ;  they  are  related  only  to  the  actual  occur- 
F^^^^ce  of  the  reaction.  This  property,  in  a  chemical  ratio,  has  not,  it  is 
^*iefed,  been  previously  observed. 

A^fter  describing  the  means  employed  for  obtaining  a  current  of  dry  air, 
^^  apparatus  required  for  the  reaction,  and  the  individual  experiments 
^i^h  were  sevendly  made,  the  following  Table  of  results  is  given,  2  being 

2 
a 


^^  symbolic  value  of  a  nitrate,  and  Q=-. 


*  Vol.  iv.  p.  77. 
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a 

Tballoufl  nitrate 876 

Argentic  nitrate 5*48 

.  Plumbic  nitrate 5*17 

Rabidic  nitrate   2*38 

Ceesic  nitrate   2*21 

{Potassic  nitrate 1*99 

Sodic  nitrate 1*70 

Lithic  nitrate 1*61 

The  above  list  probably  contains  all  the  metallic  nitrates  that  can  be 
completely  dried,  excepting  nitrates  deri?ed  from  amines  and  amides, 
which,  in  the  present  state  of  our  knowledge  of  the  phosphamides,  it  wu  ^ 
evidently  advisable  to  exclude. 

In  the  silver  group,  the  mean  value  of  Q  is  31*11 ;  and  the  followinf 
equation  may  be  accepted  therefore : — 


2 

Q 

265*30 

30-29 

169*94 

3101 

165-56 

32-02 

147-40 

61*93 

195*01 

88-24 

10114 

50-82 

85  05 

5003 

6900 

42-86 

a  = 


31*11 
In  the  potassium  group  we  have  likewise 

°     50-42* 
Ilcncc,  within  each  set  of  nitrates,  chemical  activity  is  in  direct  propoi 
tion  to  symbolic  value.     It  is  further  sufficiently  apparent  that  (exceptin 
rubidic  nitrate)  a  and  2  increase  and  diminish  in  the  same  general  order* 
Within  the  limits  of  error,  the  Q  column  is  an  incomplete  arithmetics.  ^ 
scries,  the  most  probable  value  of  whose  first  term  is  6*258,  so  that 

Q=;/i6-r>8, 
m  being  integral.  Reasons  arc  then  adduced  for  identifying  the  numbed 
6*25  with  Dulong  and  Pctit*s  constant  of  specific  heat.  Moreover,  siuc^ 
the  product  of  specific  heat  and  symbolic  value  is,  generally,  h  6*25,  and 
m  is  greater  than  ti,  taking  m=xn  and  «=the  specific  heat  of  a  nitrate,  w^ 
have  Qi=xn  6-25, 

but  2*=n6-25; 

.  • .  Q=A'S*, 

s__  2:  _  1 

the  expression  for  chemical  activity  in  terms  of  specific  heat.  Comparing  t 
coefficients  (a, a')  for  any  two  nitrates,  the  following  relations  are  obtained:  — 

and  it  is  shown  that  these  formulae  agree  sufficiently  well  with  experimcE:* 
Where  m=m'  and  ,v=x*,  we  have  the  simple  expression 


f 


a  _2i  __* 
u       2t       S 
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The  yaloes  of  Q  are  strictly  equivalent  to  each  other  in  point  of  activity. 
The  author  believes  that  a  is  commensurate  with  the  elective  function  of 
chemical  attraction^  first  discovered  by  Bergman.  He  terminates  the 
memoir  with  a  reference  to  some  well-known  instances  of  chemical  action 
(such  as  that  of  argentic  nitrate  on  a  mixture  of  aqueous  potassic  chloride, 
bromide,  and  iodide),  as  serving  to  bestow  a  presumptive  generality  on  his 
principal  conclusions. 

V.  "  On  the  relative  Duration  of  the  Component  Parts  of  the  Radial 
Sphygmograph  Trace  in  Health/'  By  A.  H.  Oarrod,  of 
St.  John's  College^  Cambridge.  Communicated  by  Dr.  Oar- 
rod.    Received  April  23j  1870. 

The  graphic  method  of  representing  the  various  phenomena  occurring  in 
the  body  during  life,  which  has  been  so  much  developed  by  MM.  Marey 
and  Chauvean  of  Paris,  has  placed  within  our  reach  great  facilities  for 
obtaining  an  accurate  knowledge  of  the  relations,  in  point  of  time,  of 
mutually  dependent  physiological  events,  and  the  sphygmograph  has  be- 
come, among  others,  an  instrument  familiar  to  most  interested  in  science. 

By  means  of  this  instrument,  a  detailed  and  truthful  record  can  be 
easily  obtained  of  the  modifications  in  the  diameter  of  any  superficial 
artery,  and,  as  usually  constructed,  it  is  intended  to  be  applied  to  the 
radiid  at  the  wrist. 

The  traces  to  be  referred  to  were  taken  with  one  of  Marey's  instru- 
ments, as  made  by  Breguet.  The  recording  paper  ran  its  whole  length, 
4f  inches,  in  seven  seconds,  and  thus,  by  counting  the  number  of  pulse- 
beats  in  each  trace,  and  multiplying  the  number  thus  obtained  by  8*57143, 
the  rate  of  the  pulse  at  the  time  the  trace  was  taken  was  easily  found. 

The  lever-pen  was  of  thin  steel,  sharply  pointed,  and  it  recorded  by 
scratching  on  highly-polished  paper  previously  smoked. 

It  is  now  generally  agreed  that  in  each  pulsation  of  the  radial  sphygmo- 
graph trace,  the  main  rise  is  the  effect  of  the  contracting  ventricle  send- 
ing blood  into,  and  thus  filling,  the  arterial  system. 

This  rise  is  followed  by  a  continuous  fall  when  the  pulse  is  quick,  but 
when  slow,  its  continuity  is  interrupted  by  a  slight  undulation,  convex 
upwards. 

The  major  fall  is  followed  by  a  secondary  rise,  not  so  considerable  as 
the  main  one,  but  more  marked  than  any  other,  and  this  secondary  rise  is 
evidently  due  to  the  closure  of  the  aortic  valves  preventing  further  flow  of 
blood  heartwards. 

The  two  points  therefore,  the  commencement  of  the  primary  and  of  the 
aecondary  rise,  may  be  considered  to  mark  the  beginning  of  the  systole  of 
the  heart,  and  the  closure  of  the  aortic  valve  respectively,  as  far  as  they 
influence  the  artery  at  the  wrist ;  and  the  interval  between  these  two 
erents  may  be  called  the  first  part  of  the  arterial  sphygmograph  trace. 
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while  the  intenral  between  the  beginning  of  the  secondwry  nie  and  tliat  of 
the  succeeding  primary  one  conatitntes  the  second  part  of  the  same  trace. 

In  1865,  Prof.  Douders*  published  the  results  of  ezperimenta  to  de- 
termine the  relatiTC  duration  of  the  first  and  second  part  of  the  cardiac 
revolution  with  different  rapidities  of  movements  of  the  heart,  taking  as 
his  data  the  commencement  of  the  first  and  second  sonnda  rcspectiTeljf 
and  be  came  to  the  conclusion  that,  though  the  second  part  wied  with 
the  rapidity,  the  first  part  was  almost  constaYit  in  all  cases. 

On  commencing  work  with  the  sphygmograph,  the  author  came  to  the 
same  conclusion  with  regard  to  the  trace  at  the  wrist,  but,  on  improTing 
his  methods  of  observation,  he  has  arrived  at  a  different  result. 

The  best  means  of  insuring  an  accurate  measurement  of  any  aphygmo- 
graph  trace  is  to  project  all  the  points  desired  to  be  compared  on  to  one 
straight  Hue,  and  this  is  done  by  fixing  the  trace  on  to  a  piece  of  board, 
which  has  another  pointed  lever  attached  to  it,  with  relatiouB  similar  to 
those  of  the  lever  and  recording  apparatus  in  the  original  instrument.  By 
this  means  lines  can  be  scratched  on  the  trace  similar  to  those  whidi 
would  be  produced  by  the  instrument  itself  if  the  watch- work  were  not 
moving,  and  a  result,  as  shown  in  Plate  II.  fig.  1,  can  be  easily  produced. 

The  reason  why  this  means  has  to  be  employed  is,  because  the  lerer  in 
the  sphygmograph  moves  in  part  of  a  circle,  not  directly  up  and  down. 

The  ratio  between  the  length  of  the  first  part  of  each  pulse-beat  in  a 
trace  and  that  of  the  whole  beat  was  measured  with  a  small  pair  of  com- 
passes, and  from  these  the  average  was  obtained,  which  thus  eliminated, 
in  a  great  degree,  the  variations  produced  by  the  respiratory  movements, 
and  also  some  of  the  clock-work  imperfections. 

For  example,  in  fig.  1,  the  ratios  in  the  several  beats  are  : — 

1:  1-8 
:  1725 
:  1725 
:  1775 
:  1725 
:17 
':  1725 
:  1775 
:  1-8 
:  1775 
:  1-675 
:  175 

:  175 
:1725 
with  an  average  of  1 : 1 7443. 

»  "  On  tho  Rhythm  of  the  Sounds  of  the  Heart."  By  F.  C.  Bonders.  TnntUted 
in  the '  Dublin  Quarterly  Journal  of  Medical  Science,'  Feb.  1868,  from  the  'Nederlan- 
di8i»h  Arcliief  voor  Ocneef-  en  Natuurkunde,*  Utrecht,  1805. 
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Agaio,  in  fig.  2|  the  ratioi  are : — 

1 : 3-8 
:  3775 
:3-8 
:  3-825 
with  an  average  of  1 :  3*8. 

Calling  the  rate  of  the  pnlse  x,  and  the  number  of  times  the  first  part 
is  contained  in  the  whole  beat  y>  xy  equals  the  number  of  times  that  the 

first  part  is  contained  in  a    minute,  and  —  equals  the  part  of  a  minute 

occupied  by  ihtfirH  part  of  each  pulse- beat. 

From  several  observations^  it  was  found  that  xy  increases  with  x^  not 
directly  as  it,  but  as  its  cube  root>  consequently  the  following  equation 
Bnds  xy  in  terms  of  x^ 

xy^=^k  \/x^ 

ft  being  a  constant,  equal  to  47  (about). 

For  instance,  in  fig.  1,  arcs  137,  y=  1*7443  ; 
mod  in  fig.  2,  07=44,    y^3'8  ; 

ud  137  X  17443=238-9691, 

44  x3-8«  167-2; 
And  238-9691 ;  167'2 

mnd  ^137:   v^44 

=5-155: 3-54 

"^Iiich  shows  that  in  these  individual  cases  xy  varies,  within  the  limits  of 
experimental  error,  as  the  cube  root  of  or. 

If  this  statement  of  the  ratio  of  the  first  part  of  the  trace  to  the  whole 
"beat  is  a  correct  one,  a  knowledge  of  the  rapidity  of  the  pulse  alone  is 
■ufiScient  to  enable  the  length  of  the  first  part  to  be  found  by  multiplying 
the  cube  root  of  the  rapidity  by  the  constant  quantity  47. 

Thus,  supposing  the  pulse  beats  64  times  in  a  minute,  the  cube  root  of 
64  being  4,  4x47=>188,  and  the  length  of  the  first  part  of  the  beat 
ought  to  he  y^  of  a  minute.  In  one  case  with  /r=64,  xy  was  found  to 
"be  185*75,  and  in  another  with  ^=63*5,  xy=s  181*77,  both  numbers  which 
agree  closely  with  the  requirements  of  the  equation. 

With  ir=  140,  and  therefore  v^.r^5-2, 

5-2x47=244*4; 

and  therefore  the  first  pftrt=-g^— ^^  of  a  minute;  in  a  pulse  of  that 
rapidity  xy  was  found  =242*9. 

To  save  the  trouble  of  extracting  the  cube  root  for  any  rapidity,  these 
facts  have  been  thrown  into  a  coordinate  form  in  the  accompanying  Table^ 
and  the  observations  on  which  the  formula  is  based  are  represented  by 
dots  on  their  proper  coordinates,  the  calculated  curve,  with  ^'=47,  being 
represented  by  a  continuous  line. 

Since  the  above  equation  was  worked  out,  a  great  many  other  observa- 
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tions  ha?e  been  made,  several  of  which  are  recorded  on  theTabl^  and  in 
health  no  cases  have  been  found  which  depart  from  the  cunre  more  than 
those  indicated  on  it. 

The  obserrations  made  on  the  anthor  are  represented  by  sample  black 
dots,  those  made  on  others  are  encircled  by  a  ring ;  great  tiie  of  a  dot 
indicates  that  more  than  one  independent  obserration  has  prodnced  exactly 
similar  results. 

In  none  of  the  cases  ha?e  measurements  been  made  after  Tiolent  exer* 
CISC.  Differences  in  the  height  and  age  of  the  subjects  experimented  oa. 
haye  not  been  found  to  produce  any  appreciable  effect. 

The  trace  from  infants  has  not  been  examined. 

From  the  equation  xy=  v^.r .  k  the  length  of  the  ieeand  part  of  the 

pulse  trace  may  be  represented  in  terms  of  x,  as  r — ;   and  as  front 

the  nature  of  y  it  cannot  be  less  than  unity  (no  pulse  having  been  seen  with 
two  contractions  or  more  between  two  successive  closures  of  the  ncntie 
valve),  the  limit  of  cardiac  rapidity  may  be  deduced  to  be  322  in  a  minnte 
(^=47);  but  it  is  scarcely  probable  that  pulses  of  such  a  rate  could  remain 
so  sufficiently  long  to  be  counted. 

In  many  cases  of  diseaEc  implicating  the  circulatory  system,  the  equa- 
tion given  above  indicates  that  the  duration  o{  the  Jirst  part  of  the  heart's 
action  is  not  normal ;  thus,  in  a  boy  suffering  from  typhoid  fever,  on  the 
second  day  after  the  pyrexia  had  ceased,  and  when  the  temperature  was 
below  the  normal,  .vy  was  found  =225*25,  where  x=  60,  which  differs 
from  the  equation 

v^(57x  47= 190-82, 
which  shows  that  the  length  of  the  Jirst  part  is  considerably  too  short  in 
the  former.     In  the  same  case,  three  days  later,  the  patient  rapidly  im- 
proving, with  X  =  56*5, 

A7/=  188, 
which  is  much  nearer  the  calculated  normal  result,  180*5,  than  on  the 
former  occasion,  the  trace  keeping  pace  with  the  other  physical  changes. 

It  is  probable  that  many  other  imperfections  in  the  circulatory  system 
can  be  similarly  indicated,  and  it  has  been  shown  above  with  what  facility 
a  diagnosis  may  be  arrived  at. 

VI.  "  Spectroscopic  Observations  of  the  Sun.'' — No.  VT. 
By  J.  NoRMAX  Lockyer.     Received  April  27,  1870. 

The  weather  lately  has  been  fine  enough  and  the  sun  high  enough 
during  my  available  observation-time  to  enable  me  to  resume  work. 

The  crop  of  new  facts  is  not  very  large,  not  so  large  as  it  would  have 
been  had  I  been  working  with  a  strip  of  the  sun,  say  fifty  miles  or  a  hun- 
dred miles  wide,  instead  of  one  considerably  over  a  thousand — indeed,  nearer 
two  thousand  in  width  ;  but  in  addition  to  the  new  facts  obtained|  I  have 
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ij  lurgelj  Btreogthened  my  former  obserrations,  so  that  the  many  hours 

bave  spent  in  watching  phenomena,  now  perfectly  familiar  to  me,  have 

t  been  absolutely  lost. 

The  n^;ati?e  results  which  Dr.  Frankland  and  myself  ha?e  obtained  in 

r  laboratory-work  in  the  matter  of  the  yellow  bright  line,  near  D,  in  the 

ectrum  of  the  chromosphere  being  a  hydrogen  line,  led  me  to  make  a 

edal  series  of  obserrations  on  that  line,  with  a  view  of  differentiating  it, 

possible,  from  the  line  C. 

It  had  been  remarked,  some  time  ago,  by  Professor  ZoUner,  that  the 

Uow  line  was  often  less  high  in  a  prominence  than  the  C  lincj  thb,  how- 

BT,  is  no  evidence  (bearing  in  mind  our  results  with  regard  to  magne- 

im).     The  proofs  I  have  now  to  lay  before  the  Royal  Society  are  of  a 

ferent  order,  and  are,  I  take  it,  conclusive  : — 

1*  With  a  tangential  sUt  I  have  seen  the  yellow  line  bright  below  the 

romosphere,  while  the  C  line  has  been  dark  ;  the  two  lines  being  in 

s  same  field  of  view. 

2*  In  the  case  of  a  bright  prominence  over  a  spot  on  the  disk,  the  C 

d  F  lines  have  been  seen  bright,  while  the  yellow  line  has  been  invisible. 

3.  In  a  high-pressure  injection  of  hydrogen,  the  motion  indicated  by 
ange  of  wave-length  has  been  less  in  the  case  of  the  yellow  line  than  in 
e  case  of  C  and  F. 

4.  In  a  similar  quiescent  injection  the  pressure  indicated  has  been  less. 

5.  In  one  case  the  C  line  was  seen  long  and  unbroken,  while  the  yellow 
e  was  equally  long,  but  broken. 

The  circumstance  that  this  line  is  so  rarely  seen  dark  upon  the  sun 
ikes  me  suspect  a  connexion  between  it  and  the  line  at  5015  Angstrom, 
uch  is  also  a  bright  line,  and  often  is  seen  bright  in  the  chromosphere, 
d  then  higher  than  the  sodium  and  magnesium  lines,  when  they  are 
ible  at  the  same  time  ;  and  the  question  arises,  must  we  not  attribute 
ste  lines  to  a  substance  which  exists  at  a  higher  temperature  than  those 
zed  with  it,  and  to  one  of  very  great  levity  ?  for  its  absorption  line 
nains  invisible,  as  a  rule,  in  spot  spectra. 

I  have  been  able  to  make  a  series  of  observations  on  the  fine  spot  which 
a  yisible  when  I  commenced  them  on  the  10th  instant,  not  far  from  the 
itre  of  its  path  over  the  disk.  At  this  time,  the  spot,  as  I  judged  by 
i  almost  entire  absence  of  indications  of  general  absorption  in  the  pen- 
ibral  regions,  was  shallow,  and  this  has  happened  to  many  of  the  spots 
n  lately.  A  few  hours'  observation  showed  that  it  was  getting  deeper 
parently,  and  that  the  umbrae  were  enlarging  and  increasing  in  number, 
if  a  general  downsinking  were  taking  place  ;  but  clouds  came  over,  and 
5  observations  were  interrupted. 

By  the  next  day  (April  11)  the  spot  had  certainly  developed,  and  now 
sre  was  a  magnificently  bright  prominence,  completely  over  the  darkest 
laa  of  umbra,  the  prominence  being  fed  from  the  penumbra  or  very  close 
ity  a  fact  indicated  by  greater  brilliancy  than  in  the  bright  C  and  F  lines. 

TOI«.  ZYIII.  2  B 
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April  12.  The  prominence  was  persistent. 

April  15.  Spot  nearing  the  limb,  prominence  still  persistent  oter  spot 
At  eleven  I  saw  no  prominence  of  importance  on  the  limb,  bat  aboat  an 
hour  afterwards  I  was  absolutely  startled  by  a  prominenoe  mot,  T  think, 
depending  upon  the  spot  I  have  referred  to,  but  certainly  near  it,  man 
than  2'  high,  showing  a  tremendous  motion  towards  the  eye.  There  wers 
light  clouds,  which  reflected  to  me  the  solar  spectmm,  and  I  therefore  saw 
the  black  C  line  at  the  same  time.  The  prominence  C  line  (on  whidi 
changes  of  wave-length  are  not  so  well  visible  as  in  the  F  line)  wis  only 
coincident  with  the  absorption-line  for  a  few  seconds  of  arc  I 

Ten  minutes  afterwards  the  thickness  of  the  line  towards  the  right  wu 
all  the  indication  of  motion  I  got.  In  another  ten  minutes  the  bright  and 
dark  lines  were  coincident. 

And  shortly  afterwards  what  motion  there  was  was  towards  the  red  1 

I  pointed  out  to  the  Royal  Society,  now  more  than  a  year  ago  *,  that 
the  largest  prominences,  as  seen  at  any  one  time,  are  not  necessarily  those 
in  which  either  the  intensest  action  or  the  most  rapid  change  is  going  on. 
From  the  observations  made  on  this  and  the  following  day,  I  think  that 
we  may  divide  prominences  into  two  classes  : — 

1 .  Those  in  which  great  action  is  going  on,  lower  vapours  being  injected ; 
in  the  majority  of  cases  these  are  not  high,  they  last  only  a  short  time — 
are  throbs,  and  are  oft  renewed,  and  are  not  seen  so  frequently  near  the 
sun's  poles  as  near  the  equator.  They  often  accompany  spots,  but  are  not 
limited  to  them.  These  are  the  intensely  bright  prominences  of  the  Ame- 
rican photographs. 

2.  Those  which  arc  perfectly  tranquil,  so  far  as  wave-length  evidence 
goes.  They  are  often  high,  are  persistent,  and  not  very  bright.  These 
do  not,  as  a  rule,  accompany  spots.  These  are  the  "  radiance  "  and  dull 
prominences  shown  in  the  American  photographs. 

i  now  return  to  ray  observations  of  the  spot.  On  the  16th  the  last  of 
the  many  umbrae  was  close  to  the  limb,  and  the  most  violent  action  was 
indicated  occasionally.  I  was  working  with  the  C  line,  and  certainly 
never  saw  such  rapid  changes  of  wave-length  before.  The  motion  was 
chiefly  horizontal,  or  nearly  so,  and  this  was  probably  the  reason  why,  in 
spite  of  the  great  action,  the  prominences,  three  or  four  of  which  were 
shut  out,  never  rose  very  high. 

I  append  some  drawings  made,  at  my  request,  by  an  artbt,  Mr.  Holi- 
day, who  happened  to  be  with  me,  and  who  had  never  seen  my  instrument 
or  the  solar  spectrum  widely  dispersed  before.  I  attach  great  importance 
to  them,  as  they  are  the  untrained  observations  of  a  keen  judge  of-form. 

The  appearances  were  at  times  extraordinary  and  new  to  me.  The  hy- 
drogen shot  out  rapidly,  scintillating  as  it  went,  and  suddenly  here  and 
there  the  bright  line,  broad  and  badly  defined,  would  be  pierced,  as  it 
were,  by  a  Hne  of  intensely  brilliant  light  parallel  to  the  length  of  the 

*  Proc.  Eoy.  Soc.  1869,  p.  354,  Mar.  17. 
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spectram,  and  at  times  the  whole  prominenoe  spectrum  was  built  up  of 
bright  lines  so  arranged,  indicating  that  the  prominence  itael/was  built  up 
ef  single  discharges,  shot  out  from  the  region  near  the  limb  with  a  velo- 
city sometimes  amounting  to  100  miles  a  second.  After  this  had  gone  on 
for  a  time,  the  prominence  mounted,  and  the  cyclonic  motion  became 
evident ;  for  away  from  the  sun,  as  shown  in  my  sketch,  the  separate 
masses  were  travelling  away  from  the  eye ;  then  gradually  a  background 
of  less  luminous  hydrogen  was  formed,  moving  with  various  velocities,  and 
on  this  background  the  separate  "  bombs  "  appeared  (I  was  working  with 
a  vertical  spectrum)  like  exquisitely  jewelled  ear-rings. 

It  soon  became  evident  that  the  region  of  the  chromosphere  just  behind 
that  in  which  the  prominence  arose,  was  being  driven  back  with  a  velocity 
something  hke  20  miles  a  second,  the  back -rush  being  so  local  that  with 
the  small  image  1  am  unfortunately  compelled  to  use,  both  the  moving  and 
rigid  portions  were  included  in  the  thickness  of  the  slit.  I  saw  the  two 
absorption-lines  overlap. 

These  observations  were  of  great  importance  to  me  ;  for  the  rapid  action 
enabled  me  to  put  together  several  phenomena  I  was  perfectly  familiar 
'^ith  separately,  and  see  their  connected  meaning. 

They  may  be  summarized  as  follows,  and  it  will  be  seen  that  they  teach 
^as  much  concerning  the  nature  of  prominences.     When  the  air  is  per- 
fectly tranquil  in  the  neighbourhood  of  a  large  spot,  or,  indeed,  generally 
&11  any  part  of  the  disk,  we  see  absorption-lines  running  along  the  whole 
length  of  the  spectrum,  crossing  the  Fraunhofer  lines,  and  they  vary  in 
^3epth  of  shade  and  breadth  according  as  we  have  pore,  corrugation,  or 
under  the  corresponding  part  of  the  slit, — a  pore,  in  fact,  is  a  spot. 
ere  and  there,  where  the  spectrum  is  brightest  (where  a  bright  point  of 
Sienla  is  under  the  slit),  we  suddenly  see  an  interesting  bright  lozenge  of 
ght.     This  I  take  to  be  due  to  bright  hydrogen  at  a  greater  pressure 
ilban  ordinary,  and  this  then  is  the  reason  of  the  intensely  bright  points 
in  ranges  of  faculee  observed  near  the  Hmb. 
The  appearance  of  this  lozenge  in  the  spectroscope,  which  indicates  a 
iminution  of  pressure  round  its  central  portion,  is  the  signal  for  some, 
often  all  of  the  following  phenomena  : — 

1 .  A  thinning  and  strange  variations  in  the  visibility  and  thickness  of 
"^lie  hydrogen  absorption-line  under  observation. 

2.  The  appearance  of  other  lozenges  in  the  same  locality. 

3.  The  more  or  less  decided  formation  of  a  bright  prominence  on  the 
^isk. 

4.  If  near  the  limb,  this  prominence  may  extend  beyond  it,  and  its 
^^ioUon-fonn  will  then  become  more  easy  of  observation.     In  such  cases 

i  ^he  motion  is  cyclonic  in  the  majority  of  cases,  and  generally  very  rapid, 

ft  •nd — another  feature  of  a  solar  storm — the  photospheric  vapours  are  torn 

M  ^  with  the  intensely  bright  hydrogen,  the  number  of  bright  lines  visible 
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determining  the  depth  from  which  the  vapawe  are  tarn,  and  Tuyaf 

almost  directly  with  the  amount  of  motion  indicated. 

Here,  then,  we  have,  I  think,  the  chain  that  connectB  the  prominfiiiM 
with  the  brighter  points  of  the  faculse. 

These  lozenge-shaped  appearances,  which  were  obseired  doie  to  tte 
spot  on  the  1 6th,  were  accompanied  by  the  '*  throbs  "  of  the  eiuptioiia  It 
which  I  haye  before  referred  ;  while  Mr.  Holiday  was  with  me — i 
of  two  hours — there  were  two  outbursts,  separated  by  a  state  of 
rest,  and  each  outburst  consisting  of  a  series  of  discharges,  aa  I  liaw 
shown.  I  subsequently  witnessed  a  third  outburst.  The  phenomens 
observed  on  all  three  were  the  same  in  kind. 

On  this  day  I  was  so  anxious  to  watch  the  various  motion-forms  of  tilt 
hydrogen-lines,  that  I  did  not  use  the  tangential  slit.    This  I  did  the 
day  (the  1 7th  of  April)  in  the  same  region,  when  similar  eruptions 
visible,  though  the  spot  was  no  longer  visible. 

Judge  of  my  surprise  and  delight,  when  upon  sweeping  along  the  ips^ 
trum,  I  found  hundreds  of  the  Fraunfaofer  Unes  beaudfullj  bright  sk 
the  base  of  the  prominence !  1 1 

The  complication  of  the  chromosphere  spectrum  was  greatest  in  thi 
regions  more  refrangible  than  C,  from  E  to  long  past  b  and  near  F»  and 
high -pressure  iron  vapour  was  one  of  the  chief  causes  of  the  phenomenoi* 

I  have  before  stated  to  the  Royal  Society  that  I  have  seen  the  chromo- 
sphere full  of  lines  ;  but  the  fullness  then  was  as  emptiness  compared  with 
the  observation  to  which  I  now  refer. 

A  more  convincing  proof  of  the  theory  of  the  solar  constitution,  pot 
forward  by  Dr.  Frankland  and  myself,  could  scarcely  have  been  furnished. 
This  observation  not  only  endorses  all  my  former  work  in  this  directioOi 
but  it  tends  to  show  the  shallowness  of  the  region  on  which  many  of  ths 
more  important  solar  phenomena  take  place,  as  well  as  its  exact  locality. 

The  appearance  of  the  F  line,  with  a  tangential  slit  at  the  base  of  the 
prominence,  included  two  of  the  lozenge-shaped  brilliant  spots  to  which  I 
have  before  referred  ;  they  were  more  elongated  than  usual — an  effect  rf 
pressure,  I  hold — greater  pressure  and  therefore  greater  complication  of  tbs 
chromosphere  spectrum.  This  complication  is  almost  impossible  of  obeef 
vation  on  the  disk. 

It  is  noteworthy  that  in  another  prominence,  on  the  same  side  of  tb* 
sun,  although  the  action  was  great,  the  erupted  materials  were  simple,  i'^* 
only  sodium  and  magnesium,  and  that  a  moderate  alteration  of  wave-len^ 
in  these  vapours  was  obvious. 

Besides  these  observations  on  the  l/th,  1  also  availed  myself  of  tl** 
pureness  of  the  air  to  telescopically  examine  the  two  spots  on  the  di^'^L 
which  the  spectroscope  reported  tranquil  as  to  up  and  down  rushes, 
saw  every  cloud-dome  in  their  neighbourhood  perfectly,  and  I  saw  the^^ 
domes  drawn  out,  by  horizontal  currents  doubtless,   in  the  penumbr^^ 
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while  on  the  floors  of  the  ipotfl,  here  and  there,  were  similar  single  cloud- 
inaiiiiea»  the  diatribation  of  which  varied  from  time  to  time,  the  spectrum 
of  these  masses  resembling  that  of  their  fellows  on  the  general  surface  of 
thesnii. 

I  have  before  stated  that  the  region  of  a  spot  comprised  by  the  penum- 
bra appears  to  be  shallower  in  the  spots  I  have  observed  lately  (we  are 
now  near  the  maximum  period  of  sun  spots);  I  have  further  to  remark 
that  I  have  evidence  that  the  chromosphere  is  also  shallower  than  it  was 
b  1868. 

I  am  now  making  special  observations  on  these  two  points,  as  I  consider 
that  many  important  conclusions  may  be  drawn  from  them. 

DESCRIPTION  OF  PLATE  IH. 

1.  Prominenoe  much  bent. 

2.  Prominence  encroaching  over  limb — bright  line  crossing  black  line. 

3.  Black  line  (F)  curved  downwards,  sometimes  nearly  touching  iron  line  below- 
4. 

6.  Prominenoe  nearly  divided. 

6.  Intensely  brilliant  flaahes  above  and  below  centres  (of  F  lines);  the  interrup- 
tions very  complete. 

S         7  ft  8.  Curves  in  prominence  very  marked. 

9, 10, 12, 14,  15.  My  own  drawings,  made  during  first  and  second  outbursts. 
11.  A  lozenge  on  the  limb  as  seen  with  a  tangential  slit. 
13.  A  loflEenge  as  seen  on  the  sun  itself. 

yil.  "  On  some  Elementary  Principles  in  Animal  Mechanics. — 
No.  IV.  On  the  difference  between  a  Hand  and  a  Foot,  as  shown 
by  their  Flexor  tendons.^'  By  the  Rev.  Samuel  Haughton, 
F.R.S.,  M.D.  DubL,  D.C.L.  Oxon.,  Fellow  of  Trinity  College, 
Dublin.     Received  April  23, 1870. 

The  fore  feet  of  vertebrate  animals  are  often  used  merely  as  organs  of 
locomotion,  like  the  hind  feet ;  and  in  the  higher  mammals  they  are  more 
or  less  "  cephalized,"  or  appropriated  as  hands  to  the  use  of  the  brain. 

The  proper  use  of  a  hand  when  thus  specialized  in  its  action,  is  to  grasp 
objects ;  while  the  proper  use  of  a  foot  is  to  propel  the  animal  forward  by 
the  intervention  of  the  ground. 

In  the  case  of  the  hand,  the  flexor  muscles  of  the  fore  arm  act  upon  the 
finger  tendons,  in  a  direction  from  the  muscles  towards  the  tendons,  which 
latter  undergo  friction  at  the  wrist  and  other  joints  of  the  hand,  the  force 
being  applied  by  the  muscles  to  the  tendon  above  the  wrist,  and  the  re- 
sistance being  applied  at  the  extremities  of  the  tendons  below  the  wrist  by 
the  object  grasped  by  the  hand. 

From  the  principle  of  "  Least  Action  in  Nature  "  we  are  entitled  to 
assume  the  strength  of  each  portion  of  a  tendon  to  be  proportional  to  the 
force  it  is  required  to  transmit ;  and  since,  in  a  proper  hand,  these  forces 
are  continually  diminished  by  friction,  as  we  proceed  from  the  muscle  to 
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the  fingers,  we  should  expect  the  strength  of  the  tendon  aboftt  tlw  wrist 
to  be  greater  than  the  united  strengths  of  all  the  finger- tendons. 

Conversely,  in  a  proper  foot,  the  force  is  applied  by  the  ground  to  the 
extremities  of  the  tendons  of  the  toes,  and  transmitted  to  the  flexor 
muscles  of  the  leg,  by  means  of  the  tendons  of  the  inner  ankle,  which 
undergo  friction  in  passing  round  that  and  the  other  joints  of  the  foot. 
In  this  case,  therefore,  we  should  expect  the  united  strengths  of  the  flexor 
tendons  of  the  toes  to  exceed  the  strength  of  the  flexor  tendons  above  the 
heel. 

In  the  case  of  the  hand,  friction  acts  against  the  muscles ;  in  the  case 
of  the  foot,  friction  aids  the  muscles. 

I  have  measured  the  relative  strengths  of  the  deep  flexor  tendons  of  the 
hand  above  and  below  the  wrist  in  several  animals,  and  also  the  relative 
strengths  of  the  long  flexor  tendons  of  the  foot  above  and  below  the  ankle 
in  the  following  manner : — 

I  weighed  certain  lengths  of  the  tendons  above  the  wrist  and  ankle,  and 
compared  these  weights  with  the  weights  of  equal  lengths  of  the  flexor 
tendons  of  the  fingers  or  toes,  assuming  that  the  weights  of  equal  lengths 
are  proportional  to  their  cross  sections,  and  these  again  proportional  to 
the  strengths  of  the  tendons  at  the  place  of  section.  The  difference  be- 
tween the  weights  above  and  below  the  joint  represents  the  sum  of  all  the 
frictions  experienced  by  the  tendons  between  the  two  points  of  section. 

The  following  Tables  contain  the  results  of  my  measurements : — 


Table  I.  Friction  of  Long  Flexor  Tendons  of  Toes,     (Cross  section  of 
toe  tendons  greater  than  cross  section  of  muscle  tendons.) 


Amount  of 
friction. 

per  cent. 

1.  Pyrenean  Mastiff    ....   Gj'4 

2.  African  Lion   59*0 

3.  Common  Fox 57'6 

4.  African  Jabiru 56*8 

5.  American  Rhea 52*4 

6.  Indian  Jackall     49*2 

7.  American  Jaguar     ....   49*2 

8.  New-Zealand  Weka  Rail  47*5 

9.  Silver  Pheasant 47*4 

10.  BengalTigcr   460 

11.  Indian  Leopard   45*5 

12.  Six-banded  Armadillo. .  44*4 

13.  Three-toed  Sloth 42*5 

14.  Black  Swan 360 

15.  Common  Ilare 36*0 

16.  European  Wolf 34  0 


Amount  of 
friction, 
per  cent. 

17.  Australian  Dinjo 33*8 

18.  Japanese  Bear 31*7 

19.  Virginian  Bear    25*9 

20.  Common  Llama 25'9 

21.  Hedgehog    25*0 

22.  African  Ostrich 24-6 

23.  Common  Otter    19-8 

24.  Man  (mean  of  5)    ....  16*2 

25.  Spider-Monkey    12'3 

26.  Goat    9-5 

27.  One-horned  Rhinoceros  9*0 

28.  Negro-Monkey    8*0 

29.  Brahmin  Cow 68 

30.  Nemestrine  Macaque  . .  2*0 

31.  Boomer  Kangaroo  ....  0*0 
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The  foregoing  aniraals  all  realize  the  typical  idea  of  a  true  foot,  with  a 
variable  amoant  of  friction  at  the  ankle-joint ;  this  friction  disappearing 
altogether  in  the  Boomer  Kangaroo,  whose  method  of  progression  realizes 
absolute  mechanical  perfection,  as  no  force  whatever  is  consumed  hy  the 
friction  of  the  flexor  tendons  at  the  heel. 

The  only  animals  whose  feet  deviated  from  the  typical  foot  were  three, 
viz.  Alligator,  Common  Porcupine,  and  Phalanger.  In  these  animals  the 
foot  haa  the  mechanical  action  of  a  hand,  or  grasping  organ;  and  the 
flexor  tendons  above  the  ankle  exceeded  those  below  the  ankle  by  the 
following  amounts : — 

percent. 

1.  Alligator 1 1«5 

2.  Common  Porcupine 20*0 

3.  Phalanger    29*2 

In  the  case  of  the  flexor  tendons  of  the  hand,  1  obtained  the  following 
results: — 


Table  II.  Friction  of  Deep  Flexor  Tendons  of  Hand.     (Cross  section  of 
muscle  tendons  greater  than  cross  section  of  finger  tendons.) 


Amoant  of 
friction, 
per  oont. 

1 .  Common  Porcupine  ....  7 1  '0 

2.  Sooty  Mangaby     49*2 

3.  Nemestrine Macaque. ...  40*7 

4.  Capuchin  Monkey     ....  35*3 

5.  Virginian  Bear 35-0 

S.  European  Wolf 31  4 

7.  Japanese  Bear 30*6 


Amount  of 
friction, 
per  oont. 

8.  Negro-Monkey   27*4 

9.  Spider-Monkey 26*5 

10.  Bengal  Tiger 227 

11.  Common  Fox 207 

12.  Pyrenean  Mastiff    ....  7'0 

13.  Goat    0-0 


It  will  be  observed  that  the  fore  foot  of  the  Goat,  regarded  simply  as  an 
on^an  of  locomotion,  attains  a  perfection  comparable  with  that  of  the 
hind  foot  of  the  Kangaroo,  no  force  being  lost  by  friction  at  the  wrist- 
joint. 

The  only  animal  in  which  I  found  a  departure  from  the  typical  hand 
was  the  Llama,  in  which  the  flexor  tendons  of  the  fingers  exceed  the  flexor 
tendon  above  the  wrist  by  14*4  per  cent. 

The  bearing  of  the  foregoing  results  on  the  habits  of  locomotion  of  the 
several  animals  will  suggest  themselves  at  once  to  naturalists  who  have 
carefully  studied  those  habits.  I  shall  merely  add  that  the  subject  admits 
of  being  carried  into  the  details  of  the  separate  or  combined  actions  of  the 
several  fingers  and  toes,  and  that  the  habits  of  various  kinds  of  monkeys 
in  the  use  of  certain  combinations  of  fingers  or  toes  may  be  explained 
•atiafactorily  by  the  minute  study  of  the  arrangement  and  several  strengths 
of  the  various  flexor  tendons  distributed  to  the  fingers  or  toes. 
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VIII.  "  Experiments  on  the  effSect  of  Alcohol  (Ethyl  Alcohol)  on  the 
Human  Body/'  By  E.  A.  Parkes,  M.D.,  F.B.8.,  ProfesMr 
of  Hygiene  in  the  Army  Medical  School,  and  Count  Ctfrian 
WoLLOwicz^  M.D.,  Assistant  Surgeon,  Army  Medical  Staff. 
Received  April  4,  1870. 

As  a  knowledge  of  the  physiological  effects  of  alcohol  on  the  human 
hody  is  a  matter  of  great  importance,  and  as  previous  obsenrationa  leave 
some  points  in  doubt,  we  took  the  opportunity  which  the  willingness  and 
zeal  of  a  very  intelligent  healthy  soldier  afforded  us  of  investigating  this 
subject. 

In  order  not  to  lengthen  the  paper,  we  have  given  only  our  own  ob- 
servations, without  referring  to  those  of  others. 

Tlie  plan  of  observation  was  as  follows : — For  twenty-six  days  the  man 
remained  on  a  diet  precisely  simUar  as  to  food  and  times  of  meals  in  every 
respect,  except  that  for  the  first  eight  days  he  took  only  water  (in  the  shape 
of  coffee,  tea,  and  simple  water) ;  for  the  next  six  days  he  added  to  this  diet 
rectified  spirit,  in  such  proportion  that  he  took,  in  divided  quantities,  on 
the  first  day  one  fluid  ounce  (8s28*4  cub.  centims.)  of  absolute  alcohol ;  on 
the  second  day  two  fluid  ounces ;  on  the  third  day  four  ounces,  and  on  the 
fifth  and  sixth  days  eight  ounces  on  each  day.  He  then  returned  to 
water  for  six  days,  and  then  for  three  days  took  on  each  day  half  a  bottle 
(  =  12  ounces,  or  341  c.  c.)  of  fine  brandy,  containing  48  per  cent,  of 
alcohol.     Then  for  three  days  more  he  returned  to  water. 

There  were  thus  five  periods,  viz.  of  water- drinking,  alcohol,  water, 
brandy,  water. 

Before  commencing  the  experiments,  the  man,  who  had  been  accustomed 
to  take  one  or  two  pints  of  beer  daily,  abstained  altogether  from  any  alco- 
holic liquid  for  ten  days. 

This  man,  F.  B.,  is  twenty-eight  years  of  age,  5  feet  6  inches  in  height, 
and  his  usual  weight  is  134  or  136  lbs.  He  is  finely  formed,  with  little 
fat,  and  with  largely  developed  powerful  muscles ;  he  has  a  clean  smooth 
skin,  a  clear  bright  eye,  good  teeth,  and  is  in  all  respects  in  perfect  health. 
He  is  very  intelligent,  and  assisted  us  so  much  that  we  are  quite  certain 
that  there  has  not  been  a  mistake  even  for  a  minute  in  the  time  of  taking 
the  temperatures  and  passing  the  urine.  As  he  had  always  been  accus- 
tomed to  smoke,  we  thought  it  proper  to  allow  him  half  an  ounce  of 
tobacco  daily,  for  fear  the  deprivation  of  it  might  disturb  his  health. 

In  addition  to  the  experiments  recorded  in  this  paper,  we  tested  the 
accuracy  of  his  vision,  and  the  muscular  power  before  and  during  the  use 
of  alcohol ;  but  as  we  could  not  detect  any  difference,  we  do  not  give  the 
experiment?. 

Our  object  being  to  test  the  dietetic  effects  of  alcohol,  we  gave  it  in 
small  and  large  quantities,  but  avoided  producing  any  extreme  symptoms 
of  narcotism. 
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FOOD. 


Amount  of  solid  food  taken  daily  through  the  whole  period : — 


Ounoet. 
Ayoirdupois. 

Bread   16 

Beefsteak 12 

Fat  for  frying  ditto  ....  2 

Butter I 

Sugar   3 

Mffk 6 

Potatoes   16 

Salt tV 


Amoant  of  nitrogen. 
QraiiiB. 

60-99 

173* 

? 

? 

16*5 
16 


266*49 
or     17*27  grammes. 


The  meat  was  fried  in  the  fat  The  meals  were  taken  always  at  the 
same  time,  viz.  at  8  a.m.,  1.30  p.m.,  and  5  p.m.  ;  at  10  p.m.  he  took  four 
ounces  of  water. 

The  amount  of  water  taken  was : — 

Yvnt  period  before  alcohol.  In  fluid  ounces.  In  o.  c. 

48  1363 

Alcoholic  period. 

First  day 47  1334 

Second  day 46  1306 

Third  day 44*5  1263*8 

Fourth  day   42*7  1214 

Fifth  day 41  1164 

Sixth  day 41  1164 

After  alcohol    48  1363 

Brandy  period 42  1 164 

After  brandy   48  1363 

It  was  not  intended  that  the  quantity  of  water  should  be  altered ;  but 
through  a  misconception,  the  man  thought  the  spirit  and  brandy  were  to 
take  the  place  of  the  water,  and  took  therefore  less  water  in  proportion. 
In  one  respect  the  mistake  was  fortunate.  The  total  amount  of  water  taken 
in  the  so-called  solid  food,  and  as  drink,  was  about  72^  fluid  ounces,  or 
2059  c.  c.  daily  during  the  water  days,  and  a  little  less  during  the  days  on 
which  he  took  alcohol  and  hrandy. 

*  The  nitrogen  in  the  beefsteak  was  determined  once ;  the  result  was  almost  identical 
with  the  results  giyen  in  experiments  in  exercise  recorded  in  No.  94  (1867)  of  the  Pro- 
ceedings of  the  Boyal  Society.  As  the  breed  was  analyzed  on  a  former  occasion,  it  was 
not  so  now ;  its  composition  is  yerj  constant,  the  same  amount  of  flour,  water,  and 
yeast  being  always  used  in  the  hospital  bskery  at  Netley. 
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Weight  of  Body  without  clothks. 

(Accuracy  of  Machine  ■■  turns  with  one  oonoe  aToiidupois.) 

Taken  at  8  a.m.,  afler  the  bladder  was  emptied,  before  breakfast  and  at 
the  end  of  the  twenty-four  hours  constituting  the  day. 


Days. 


1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 
23 
24 
25 
26 


Water  alone  or  alcohol  and  water, 
taken  as  drink. 


Water 

Water 

Water 

Water 

Water 

Water 

Water , 

Water 

One  fluid  ounce  of  absolute  alcohol , 

Two  fluid  ounces  

Four  fluid  ounces , 

Six  fluid  ounces 

Eight  fluid  ounces    

Eight  fluid  ounces 

Water 

Water 

Water 

Water 

Water 

Water 

Brandy  twelve  fluid  ounces  (containing 
six  fluid  ounces  of  alcohol)  


Weight  in  lbs.  .Weight  in 
•"»"  I  kilogmmmea. 


»i 


Water. 
Water. 
Water. 


»i 


)> 


133*5 

133-75 

13375 

134-5 

135-5 

135-8 

135-9 

136 

136 

136 

135-75 

136 

136 

136 

136 

136 

135-5 

135-25 

1.35-5 

135-5 

l.^')•5 

135-5 

1.% 

l.-KJ 

136 

13G 


60-68 

60*795 

60^795 

611 

61-59 

61-72 

6177 

61-81 

61-81 

61-81 

61-7 

61-81 

61-81 

61-81 

61-81 

61-81 

61-59 

61-477 

61-59 

61-59 

61-i>9 
61-59 
61-81 
61-81 
61-81 
61-81 


During  the  first  few  days  there  was  a  gradual  increase  in  weight,  owin^ 
probably  to  the  food  being  rather  greater  and  the  exereise  less  than, 
before ;  equilibrium  was  reached  on  the  eighth  day,  and  the  weight  re» 
mained  almost  unchanged  during  the  alcoholic  period.  There  was  slight 
decrease  after  alcohol ;  and  on  the  last  brandy  day  a  slight  increase,  which 
was  maintained  in  the  after  period.  The  general  result  appears  to  be  that 
(other  conditions  remaining  constant)  the  effect  of  alcohol  in  modifying- 
weight  is  quite  unimportant. 

The  Temperature  of  the  Axilla  and  Rectum. 

The  temperature  of  the  axilla  was  taken  (in  Fahr.  degrees) every  two  hours, 
from  8  A.M.  to  10  p.m.,  the  man  being  in  bed  and  covered  with  the  clothes. 
The  temperature  of  the  rectum  was  taken  at  10  a.&i.,  2  p.m.,  and  10  p.m. 
The  thermometer  was  in  each  case  kept  in  for  twenty  minutes.  We  did 
not  take  the  night  temperatures  for  fear  of  injuring  the  health  by  destroy- 
ing rest. 
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Axilla  Temperatures. 
The  temperatures  of  the  first  day  are  omitted. 

Firat  Period,  before  Alcohol. 


Hours. 

DayB. 

Second, 
water. 

Third, 
water. 

Fourth, 
water. 

Fifth, 
water. 

Sixth, 
water. 

Seventh, 
water. 

Eighth, 
water. 

8  a.m 

10    

12  noon 

2  p.m 

4    „     

6    , 

8    „     

10    „     

97-1 
97-7 
97-8 
983 
98-3 
97-7 
98-3 
97-9 

98 

97-2 

97-9 

97-9 

97-9 

97-4 

97-4 

97-8 

97-2 
981 
97-9 
981 
980 
98-2 
98-0 
97-9 

98-6 
98-7 
98-2 
98-0 
990 
99-0 
98-2 
1980 

97 

98 

981 

98 

97-7 

97-4 

97-8 

97-7 

98-5 

98-6 

991 

981 

98-9 

99 

99 

98 

98-4 

99 

98 

98 

98-4 

99-4 
100-4 
100-4 

M6ftn-«»r.,..-T,- 

97-9 

97-7 

97-9 

98-46 

97-7 

9869 

991 

Second  Period,  tcith  Alcohol. 


Hours. 

Days. 

Ninth, 

1  fl.  oz. 

alcohol. 

Tenth, 
2fl.  oz. 
alcohol. 

Eleventh, 
4  fl.  oz. 
alcohol. 

Twelfth, 
6  fl.  oz. 
alcohol. 

Thirteenth, 
8fl.oz. 
alcohol. 

Fourteenth, 
8  fl.  oz. 
alcohoL 

8a.m 

10    „   

12  noon    ... 

2  p.m 

4    „   

6    „   

8    

10    „   

97-8 

98 

97-6 

98-4 

97-6 

98-2 

98-4 

98 

98-2 

98 

98-6 

97-8 

99-5 

98-2 

996 

97-8 

98-4 
98-4 
98-4 
1001 
98-5 
99 
98-6 
98 

97-7 
98-5 
99-4 
98 
98-4 
100 
99-2 
98-8 

98-6 
100-3 
100-4 
99 
98-9 
98-6 
99-2 
97-6 

98-4 
98-2 
98-4 
97-8 
97-6 
98-4 
98-4 
97-8 

Means  

98 

98-46 

98-7 

98-6 

99-08 

98-1 

Third  Period,  after  Alcohol. 


Hours. 

Days. 

Fifteenth, 

Sixteenth, 

Seventeenth 

Eighteenth,  Nineteenth, 

Twentieth, 

vmter. 

water. 

water. 

water. 

water. 

water. 

8ajn. 

98-2 

98-1 

98-2 

98-2 

98-2 

98 

10    „   

99 

98-8 

976 

98 

97-8 

98-4 

12  noon    ... 

98-2 

98-8 

98-4 

974 

98-5 

98 

2  p.m 

97-8 

98-2 

98-4 

98-4 

98-6 

98 

4*^,,   

97-6 

98-2 

98-0 

98-6 

98 

98 

6    , 

98-4 

99 

98-4 

97 

98-4 

98-6 

8    „  

98-4 

100-7 

980 

99-4 

97-8 

98-2 

10  „  

97-8 

97-6 

98-6 

98 

98 

98 

Hesos  

98-17 

98-8 

98-2 

9812 

9816 

98-15 
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Fourth  and  Fifth  Period,    Brandy  and  s^er  Brand^f, 


Hours. 

Days.                                                   { 

2lBt,  12  fl. 
oz.  brandy. 

22nd,  12  fl. 
OS.  brandy. 

23rd,  12  fl. 
OS.  Brandy. 

r 

24th,  water. 

2601,  water. 

26Ui,  water. 

8a.m 

X\j           H           •  •  •  a^  • 

12  noon    ... 

2  p.m 

4    „    

6    ..    

8    , 

10 

98-2 

98*4 

96-4     . 

98-9 

99 

99-6 

99-4 

99-2 

98-6 

96-8 

99-4 

97-4 

98-8 

99 

98-4 

97-8' 

97-8 
98-4 
98-2 
98-0 
98-0 
98-8 
98-8 
96-2 

96-2 

96-6 

96 

984 

96-4 

98-8 

98-2 

96- 

96 

964 

96-2 

99 

97-8 

96^ 

96 

97-8 

98-2 

964 

96-2 

99 

96-7 

96 

97-6 

96-7 

Means  

98-8 

96-5 

98-25 

98-3 

98-17 

96-36 

If  the  means  of  the  days  of  the  5  periods  be  put  together,  and  the  means 
for  each  period  be  taken,  the  results  are — 

Mean  temperature. 

Beforeaicohol  96-207 

During  alcohol 96-49 

After  alcohol 96*266 

During  brandy 98*61 

After  brandy 98*27 

These  experiments  show  that  alcohol  and  brandy  produce  little  change 
in  the  temperature  of  the  axilla  in  healthy  men  ;  but  what  effect  there  is 
appears  to  be  rather  in  the  direction  of  increase  than  of  diminution.  But 
that  the  effect  of  8  ounces  (=227  c.  c.)  of  absolute  alcohol,  taken  in  24 
hours,  is  really  trifling  is  seen  by  the  Table ;  on  the  13th  day,  when  this 
large  quantity  was  taken,  the  temperature  rose  higher  than  on  any  other 
day  ;  the  thermometer  was  over  100®  at  10  and  12  o'clock,  and  the  mean 
of  the  8  observations  was  99^ ;  it  might  have  been  thought  that  alcohol 
really  increased  the  temperature,  but  on  the  next  day,  with  the  same 
amount  of  alcohol,  the  temperature  was  lower  throughout,  and  the  mean 
of  the  day  was  only  98^*1.  On  the  12th  and  13th  days  in  fact  the  man 
had  a  slight  febrile  catarrh,  as  will  be  noticed  further  on,  and  the  tempe- 
rature rose  during  this  attack. 

We  draw  the  conclusion  that  the  changes  in  temperature  in  the  axilla 
were  insignificant. 
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Temperatvre  of  the  Rectum. 


I 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 


Fluid  taken. 


Water 

Water 

Water 

Water 

Water 

Water 

Water 

Water 

Alcohol,  1  fluid  ounce  

Alcohol,  2  fluid  ounoea 

Alcohol,  4  fluid  ounces 

Alcohol,  6  fluid  ounces 

Alcohol,  8  fluid  ounces 

Alcohol,  8  fluid  ounces 

Water 

Water 

Water 

Water 

Water 

Water 

Brandy,  12  fluid  ounces  . . . 
Brandy,  12  fluid  ounces  ... 
Brandy,  12  fluid  ounces  ... 

Water 

Water 

Water 


Hours. 

8  a.m. 

2  p.m. 

4  p.m. 

6  p.m. 

10  p.m. 

•••••• 

98*9 

97^' 

98-2 

99 

961 

981 

99-2 

98-9 

98-6 

991 

961 

981 

99 

99-1 

99-2 

98-9 

99 

99 

100-4 

101 

99-4 

101 

••«... 

99-4 

96-2 

98*4 

996 

100 

99« 

986 

99-5 

99-6 

99-6 

97-6 

99-7 

99-9 

99-7 

100-2 

100-2 

100-4 

100-5 

99-2 

98-2 

99-6 

99-6 

98-4 

99 

98-8 

98-8 

98-8 

99-4 

98-2 

98-6 

99-4 

96 

984 

99-5 

98-4 

99 

98-4 

98-6 

99 

99-6 

99-5 

99-6 

99 

99-8 

100 

99-4 

99-1 

98-6 

99-6 

99 

99 

99-8 

98-8 

988 

99-6 

•  B      ... 

98-6 

99-2 

99-6 

99-5 

The  mean  resalts  are  as  follows :  — 


Hours. 

Rectum  mean  temperature. 

First 
period. 
Water. 

Second 

period. 

Alcohol. 

Third 
period. 
Water. 

Fourth 

period. 

Brandy. 

Fifth 

DMlod. 

Water. 

8  a.m 

985 

99-21 

98-87 

98-96 
99  96 
99-03 

98-8 

99-18 

98-6 

99-4 
99-3 
99-3 

99 

99*86 

98-96 

2p.m 

Mean  of  the  three  obserrations 

98-86 

99-31 

98-86 

99-33 

99-21 

The  rectal  obserrations  show  that  alcohol  and  brandy  in  the  above 
quantities  cause  no  lessening  of  temperature  in  the  rectum  ;  on  the  con- 
trary, there  is  slight  increase  in  both  the  second  and  fourth  periods  as 
compared  with  the  first  and  third  (which  were  precisely  the  same),  though, 
as  in  the  case  of  the  axilla,  the  difference  is  not  great,  being  in  each  case 
▼ery  nearly  half  a  degree  Fahr. 

In  this  man  the  rectum  temperature  is  slightly  greater  than  the  axil- 
lary.   As  no  great  number  of  obserrations  have  been  made  on  this  point. 
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the  following  notes  of  a  single  day  (the  eighteenth^  when  the  man  was 

taking  water)  may  be  interesting : — 

Hour  Axilk  Beotom 

temperature.  temperaterei. 

8a.m 98-2  98-4 

10  „      98 

11  „      98      98-6 

12  noon 97*4  98*2 

1  „  97-6  98-4 

2  „  98-4  99-5 

3  „  98-2  99-4 

4  ,.  98-6  99-2 

5  „  97-4 98-6 

6  „  97      98 

7  , 97-6 

8  „  99-4  98-2 

9  „ 97-6  98-2 

10  „  98      98-4 


Mean 97*98 98*51 

The  mean  difference  on  this  day  in  favour  of  the  rectum  is  0°*53 ;  but, 
as  appears  from  the  former  Tables,  the  rectum  sometimes  has  a  tempera- 
ture of  \°,  or  even  2°,  more  than  the  axilla :  but  such  difference  as  the  last 
number  seldom  occurred. 

The  general  result  from  all  these  observations  surprised  us«  considering 
the  numerous  experiments  on  men  and  animals  in  which  the  temperature 
has  been  found  to  be  lowered  by  alcohol.  An  explanation  may,  however, 
be  possible.  Our  experiments  being  to  ascertain  the  dietetic  properties 
of  alcohol,  we  never  aimed  at  producing  very  decided  narcotism  or  marked 
symptoms  of  poisoning ;  and  as  we  had  to  deal  with  a  perfectly  healthy 
resisting  organism,  which  received  always  the  same  quantity  of  food,  the 
effect  of  alcohol  in  lowering  temperature  might  not  be  so  well  marked  as 
in  an  ill-fed  or  unhealthy  body.  We  do  not  dispute  the  accuracy  of  the 
observations  which  show  that  large  and  narcotic  doses  of  alcohol  lower 
the  temperature  of  the  body  in  men  and  animals ;  but  onr  experiments 
prove  that  alcohol,  in  the  limits  we  have  stated  and  with  an  equal  supply 
of  food,  did  not  have  this  effect  in  a  perfectly  healthy  man. 

The  rising  of  mean  temperature  which  seemed  to  occur  was  not  con- 
siderable enough  to  make  it  probable  that  it  was  due  to  heat  derived  from 
combustion  of  alcohol ;  it  was  more  probably  owing  to  quickened  circu- 
lation, and  in  addition  the  slight  febrile  attack  which  occurred  on  the 
twelfth  and  thirteenth  days,  augmented  the  mean  temperature  of  the 
alcoholic  period ;  but  this  would  not  account  for  the  similar  slight  increase 
in  the  brandy  period. 
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The  Effect  on  the  Circulation. 

The  pulse  (taken  usually  every  two  hours)  was  decidedly  more  frequent 
when  alcohol  and  hrandy  were  used.  The  mean  of  all  the  observations  in 
the  recumbent  position  was  73*57  beats  per  minute  in  the  first  period 
when  water  was  taken ;  during  the  alcoholic  days  the  mean  number  of 
beats  was  88*5  ;  after  alcohol  78*6  ;  during  the  brandy  days  91*4,  and 
after  brandy  81*1. 

If  particular  hours  are  taken  the  same  results  come  out,  as  shown  in  the 
following  Table : — 

Mean  pulse  Mean  pulse  Mean  pulse 

at  10  a.m.  at  2  p.m.  at  10  p.m. 

Before  alcohol  75*5  80*8  73 

During     „  99  94      80*8 

After        „  89-66  87*5   71*6 

During  brandy  96*6  93      92 

After        „  88*6  84      73 

There  is  therefore  no  doubt  that  the  frequency  of  the  pulse  was  increased, 
and  the  effect  was  also  persistent ;  for,  though  it  fell  after  the  alcohol  was 
left  off,  it  had  not  reached  in  six  days  the  point  which  was  proper  to  it 
before  the  alcohol. 

The  pulse  was  not  only  increased  in  rapidity,  but  it  was  fuller  ;  it  ap- 
peared to  have  more  volume. 

The  highest  mean  pulse  on  any  day  before  alcohol  was  77 '5  beats ;  the 
mean  pulse  of  the  first  alcoholic  day  (one  fluid  ounce  of  absolute  alcohol) 
was  80 ;  with  two  ounces  of  alcohol  78*3  ;  with  four  ounces  86 ;  with  six 
omices  98*3  (but  there  was  exceptional  fever) ;  with  eight  ounces  93' 6 ; 
and  on  the  last  day,  with  eight  ounces,  94*7.  On  the  first  day  after 
aloohd  it  sank  to  80. 

The  effect  on  the  circulation  in  the  small  vessels  of  the  skin  was  very 
marked.  The  face,  ears,  and  neck  were  flushed,  and  on  the  days  of  the 
large  doses  the  face  was  slightly  swollen.  The  skin  of  the  trunk,  as  well 
as  of  the  face,  appeared  hot  to  the  man  himself,  and  this  was  no  doubt  de- 
pendent on  the  same  cause.  It  was  some  time  before  the  turgescence  of 
the  small  cutaneous  vessels  lessened.  Accompanying  it  was  a  sense  of 
ftilness  and  heaviness  in  the  head,  as  if  the  intracranial  vessels  were  also 
enlarged,  and  there  was  a  feeling  of  warmth  at  the  epigastrium. 

Sphygmographic  observations  were  made  on  the  right  radial  artery.  They 
were  always  taken  with  the  same  instrument,  with  an  equal  pressure,  and 
wlien  the  man  was  in  a  recumbent  position.  Altogether  more  than  150 
tracings  were  taken,  but  some  were  spoilt  in  photographing*.  All  the 
remainder  are  subjoined. 

One  fluid  ounce  of  absolute  alcohol  in  twenty-four  hours  altered  the 

*  Tbej  were  taken  and  photographed  with  great  care  by  Mr.  James  Sylvester,  Apo- 
tfaaevy  to  the  Foroee,  who  also  gave  us  much  assistance  in  various  ways. 
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Tentli  Day. 


Alcohol  on  the  Hubuhi  Budij. 


Thirteenth  Day. 

3  ounea  of  aloidiol  at  H  a.m. 
2|      „  „  i;»p.Tn 

2* 
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Fonrtrnitli  Dnj. 

■Tow,  ofalonho]  ntSn-Tn.— 21  ora.  of  alciht.!  lit  l.npp.m.  -g|  ca».  of  ■WholtfSr.'"' 


TutKD  Pe&ioo. — a  DAV8  WATSM-oRiKKine. 
Fiflepnth  Dsy. 


Aletkol  on  Iha  Humnn  1 
Seventeenth  Day. 


Twentieth  Jhj. 
(The  nzth  cUj  on  water.) 
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Fourth  Pskiod. — 3  lun  BmAMW. 
Twent7-firat  Thy. 


ML-sara.  ntrka  aid  WoUowiei  «•  the  Bfftct  ef  [Mq  tO, 
Pirrn  Pkkiod. — ^Watkk. 
Twcntj-fonrth  Diij. 


Tventy-MTcnth  Day. 


JSTDlJ  Akokot  m  the  Human  Body. 

Seven  Auyt  after. 
(15  minutes  after  tsking  a  ^Ibsh  of  beer.) 


After  the  ilcohol  mu  left  off  the  tncinga  ehov  indicatioitB  of  ita  influ- 
tmt,  snn  to  the  lixth  day.  The  tracing  on  the  eighteenth  day  (the 
KmuHi  after  the  cenatioa  of  alcohol)  ahaws  %  weak  and  quickly  acting 
kart  i  bat  allowaoce  most  be  made  for  the  fact  that  that  was  a  day  of  corn- 
plats  rcat  in  bed.  Oq  the  uxth  day  after  alcohol  the  mean  pulse  waa  7(i'2 
per  miiint^  and  the  tracing  ihoirs  atill  rapidity  and  feebleucea  of  the  heart's 
action.  This  seems  to  confirm  the  uaual  doctrine  that  iiicreaacd  ra|iidity 
of  contraction  from  the  action  of  alcnhol  is  followed  by  exliaustiun ;  but 
it  alio  ihoif  I  that  this  effect  doea  not  eoane  ao  immediately  aa  is  tmjiposed, 
but  that  tbfl  effect  of  the  alcohol  ia  more  persiatent. 

Vhen  brandy  was  then  given,  the  effect  on  the  exhansted  heart  was  very 
obrioua  ;  Uw  rentricle  commenced  to  contract  again  more  rft]>idly,  and,  iu 
bet,  the  effect  of  the  brandy  ia  more  marked  than  that  of  alcohol. 

It  b  ^ffieult  perhaps  to  explain  all  the  indications  of  the  brandy  tra- 
aa^  but  there  seems  no  doubt  that  the  ventricular  contraction  was  very 
■uddsn ;  the  aortic  valves  opened  with  violence  j  a  rapid  wave  trnvcraed 
t^  Uood,  acnding  the  lever  up  very  high ;  the  summit  of  the  curve  is 
■harph  aod  the  equilibrium  of  tension  between  ventricle  and  arlery  must 
have  been  soon  reached  ;  the  arteries  emptied  themaelvea  very  rapidly. 

After  the  brandy  was  left  off  the  tracings  are  seen  gradually  returning 
to  the  curve  of  health,  though  they  had  not  reached  it  on  the  morning  of 
the  twenty-seventh  day  (the  fourth  after  brandy),  when  the  experiments 
were  obliged  to  be  diacontinued. 

Seven  days  later  the  pulse  was  nearly  healthy  again. 

It  ia  noticeable  that  tweke  ounces  of  brandy  (containing  48  per  cent, 
of  alcohol)  had  more  effect  than  eight  outicea  of  absolute  olcohul,  but  it 
must  be  remembered  that  when  the  brandy  was  given  the  heart  had  not 
recoTcred  from  the  infiuence  of  the  alcohol ;  in  other  words,  it  was  not 
perfectly  healthy  *. 


a  kiud  enough  to  look  at  tiiree  tiadngn,  No.  1  of  the 
mriaepHfcid,lTii.9of  thealooholio  period,  mid  No.  3  of  Iho  brandf  period.    He  writes 

••  I  tUnk  (1)  that  No.  1  i>  a  normal  puke. 

"^  nattlwehaiigMexbibilMlinNo>.2Bnd3iireDftheBunenahirB,butclilIlBR!nt 
ill  il^iiiii.  La.  thottha  dogreo  of  modifioBtbn  iii  grmtor  in  Stbait  in  2.  Hence  tlw 
(splaiMtion  of  botli  mult  bo  the  nmc. 

"(;*)  TiiublUraliui;  if  itriu  i»  jKutl.v  lluc  tj  tbe  mciv  iiicrissc  of  frcqiieucj :  biil  iii 
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Putting  together  the  etidence  derived  from  the  puke  as  felt  faf  the 
finger,  from  the  state  of  the  cutaneous  vessels,  and  from  the  vphjpu^ 
graphic  tracings,  it  seems  fair  to  conclude  that  the  chief  effects  of  alcohol 
on  the  circulation  in  health  are  on  the  ▼entrides  (the  rafudity  with  iridch 
contractions  are  accomplished  being  greatly  increaied),  and  on  the  opB- 
laries  (which  are  dilated  and  allow  blood  to  pass  more  fteely  tfaraqjh 
them  ).  The  valuable  observations  of  Dr.  Anstie  have  shown  that  in  amj 
febrile  cases,  when  alcohol  is  acting  osefoUy,  the  arterial  tension  is  is- 
creased ;  while  in  other  cases,  when  there  is  narcotism,  the  tension  ii 
lowered.  In  this  healthy  man  the  effect  of  either  smaU  or  large  doses  os 
the  arterial  tension  is  not  perhaps  well  marked. 


Days. 


1 

2 

3 

4 

5 

6 

7 

8 

0 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 
22 

23 

24 
25 
26 


Action  on  the  Urine. 
Elimination  of  water  by  the  kidney*. 


Fluid  taken  in  twenty-four  hours  in  food  and  drink. 


• 


72|  fluid  ounces  of  water,  or  2059  c  c 

72|  fluid  ounces  of  water,  or  2059  e.  c 

72|  fluid  ounces  of  water,  or2059o.e. 

724  fluid  ounces  of  water,  or  2059  c  c 

724  fluid  ounces  of  water,  or  2059  c.  c 

724  fluid  ounces  of  water,  or  2059  c.  c 

72J  fluid  ounces  of  water,  or  2059  c.  c 

72  J  fluid  ounces  of  water,  or  2059  c.  c 

71*5  fluid  ounces,  or  2030  c.  c,  and  1  fluid  ounce  of  alcohol  ... 
705  fluid  ounces,  or  2002  c.  c,  and  2  fluid  ounces  of  alcohol... 
69  fluid  ounces,  or  1959  c.  c,  and  4  fluid  ounces  of  alcohol 
67  fluid  ounces,  or  1902  c.  c,  and  6  fluid  ounces  of  alcohol 
65.5  fluid  ounces,  or  1860  c.  c,  and  8  fluid  ounces  of  alcohol... 
65'5  fluid  ounces,  or  1860  c.  c,  and  8  fluid  ounces  of  alcohol... 

724  fluid  ounces  of  water,  or  2059  c.  c 

72J  fluid  ounces  of  water,  or  2059  c.  c 

724  fluid  ounces  of  water,  or  2059  c.  c 

72^  fluid  ounces  of  water,  or  2059  c.  c 

72J  fluid  ounces  of  water,  or  2059  c.  c 

72J  fluid  ounces  of  water,  or  2059  c.  c 

66*5  fluid  ounces  of  water,  or  1880  c.  c,  and  6  (»uuces  of  alco-l 

holic  brandy  I 

66*5  fluid  ounces  of  water,  or  1880  c.  c,  and  6  ounces  of  alco-i 

holic  brandy  | 

'  66*5  fluid  ounces  of  water,  or  1880  c.  c,  and  6  ounces  of  alco-' 

holic  brandy  

724  fluid  ounces,  or  2059  c.c 

724  fluid  ounces,  or  2059  c.c 

72|  fluid  ounces,  or  2059  c.c 


Qnmntity 

of  urine 

in  e.6 


i 


} 


n260 

1100 
1330 
15i>0 


1736 
1197 
1290  , 
1220  ! 

950  ! 
1167 
1205 
1000 
1300 
1550 
1440 
1060 
1800 
1(K?0 

980 
1600 
1400 
1660 
1180 
1110 

1610 
1270 


addition  to  this  the  tracing  shows  the  special  characters  of  the  pulsus  celor,  thode8crii>- 
tion  of  which  in  my  l>o(>k,  page  14,  seems  still  correct  (Handbook  of  the  Sphygmograph. 
1^67). 

"  (4)  The  celerity  or  shortness  of  the  expansile  movement  I  understand  to  signify 
that  the  led  ventricle  performs  its  contraction  tuifkin  a  zhorter  period,  and  tbervfore 
u?es  more  force  within  a  given  time  than  in  its  natural  state. 

"  (5)  I  do  not  see  any  reason  for  supposing  that  the  arterial  prensure  is  increased.' 
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The  mean  amounts  are  as  follows : — 

Mean  amount  of  Mean  amount 

water  taken  in  of 

Period.                          food  and  drink.  urine  passed. 

cub.  centims.  cub.  oentimt. 

First  period  (without  alcohol) 2059  1219 

Second  period  (with  alcohol)  ....  1935  1361 

Third  period  (with  water)   2059  1321 

Fourth  period  (with  hrandy) 1889  1380 

Fifth  period  (with  water) 2059  1337 

As  the  amount  of  urine  increased  in  the  alcoholic  period  142  cub. 
centims.,  while  the  water  taken  was  less  by  124  cubic  centims.,  and  the 
same  result  in  a  less  degree  occurred  in  the  brandy  period,  there  is  no  doubt 
that  the  alcohol  increased  the  urinary  water.  Whether  this  was  the  con- 
sequence, as  seems  possible,  of  the  greater  frequency  of  the  heart's  action, 
or  whether  it  arose  from  any  purely  diuretic  influence  of  the  alcohol,  is  un- 
certain. Was  the  body  left  poorer  in  water,  or  was  the  exit  through  the 
skin  or  lungs  hindered  ? 

As  4*3  ounces  less  of  water  passed  in,  and  5*3  ounces  more  passed  out, 
in  the  alcoholic  period,  and  as  the  mean  amount  of  alcohol  passing  in  was 
under  5  fluid  ounces,  the  body  ought  to  have  lost  weight,  and  perhaps 
would  have  done  so  but  for  one  circumstance. 

The  possible  amount  of  change  of  weight  in  this  way  would  be  of  course 
slight,  viz.  about  4  ounces,  and  it  happened  that  there  was  a  less  excretion 
of  alrine  matter  (viz.  1  ounce  less  daily  than  during  the  first  period),  which 
would  tend  to  cover  the  possible  loss  of  water  by  the  increased  flow  of  urine. 
Also  the  error  of  the  machine  may  be  one  ounce.  We  draw  the  conclu- 
sion that  there  was  no  decided  evidence  of  lessening  of  elimination  of  water 
by  other  chaimels  sufficient  to  account  for  the  increased  urinary  flow. 


The  Nitrogen  of  the  Urine. 

The  urea  of  24  hours  was  determined  by  Liebig's  mercuric  nitrate  solu- 
tion, the  chlorine  being  got  rid  of ;  and,  in  addition,  the  total  nitrogen  was 
determined  by  burning  with  soda-Hme  after  the  method  of  Voit,  and  lead- 
ing the  ammonia  into  a  standard  solution  of  sulphuric  acid.  In  this  way 
any  error  in  the  determination  by  either  process  was  sure  to  be  detected. 
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Days. 

Fluid  taken.' 

Urea,  in 

Nitrogen  in 

Qvea» 
ingrammei. 

mtragBB 
aoda-iime. 

1 
2 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

17 

18 

19 

20 

21 

23 

23 

24 

25 

20 

Water 

87-000 
33-960 
33-060 
38-040 
33-540 
35-100 
30<)80 
32-990 
35-938 
36-758 
32126 
38-658 
34-<M7 
34-129 
35-457 
40-352 
37-073 
35HX)0 
37-770 
31-224 
34-357 
35-712 
34-344 
34-677 
32-260 
30-780 

17-266 
15-848 
15-437 
17-752 
15-652 
16-380 
14-457 
15-396 
16-771 
17160 
14-992 
18-052 
15-890 
15-930 
16-436 
18-831 
17-301 
16-330 
17640 
14-571 
16-030 
16-606 
16-027 
16-183 
15-a)0 
171()5 

17-151 
16142 
16-29B 
17-752 
16-525 
16-070 
18-770 
14-565 
16^14 
17-387 
15-029 
20-300 
15*592 
15-715 
16-700 
18170 
17-890 
17-090 
17-690 
14-185 
16-003 
17140 
16109 
16-167 
15108 
17OD0 

fi      ••■.«•••••■•••• 

11      ••••..••••..••« 

»»      •••••• •• 

fi      ••«.••••«•.•.•• 

»i      •••••••••• 

If      •«.•.•••.«..••• 

Alwhol    

II          •••••••••••• 

If          ••»••••••••• 

If          ••«•••■«•••• 

M                   ••.•••••.••• 

Wator 

If      .•••••..«•••..• 

Braudy    

Water 

fi      •.••••..•..•.. 

The  mean  daily  amounts  arc  : — 


Urea. 

Nitrogen 

in 

uroa. 

Nitrogen 

bv 
soda-limo. 

Firet  Deriod  f  water^  

grammes. 
3t3;i(i 
35-270 
3('»14G 
34-K>4 
34-569 

■ 

grammes. 

I6(r2:j 

10-464 
16  a*)! 
16-241 
16-115 

grammes. 
ir,-033 
16-773 
16954 
16417 
16108 

Second  oeriod  (alcohol) 

Third  oepiod  Twatop) 

Fourth  i>eriod  (brandy) 

Fifth  Doriod  (water) 

As  1 7*27  grammes  of  nitrogen  (or  probably  a  little  more)  entered  with 
the  food,  and  as,  in  the  two  stools  which  were  examined,  1*6  and  2  grammes 
of  nitrogen  passed  off  respectively,  it  is  certain  that  in  this,  as  in  other 
cases  recorded,  the  whole  of  the  nitrogen  passed  off  by  the  kidneys  and 
bowels,  and  none  emerged  by  the  skin  or  hmgs.  Of  the  1 7  j  or  1 1\  grammef 
which  entered  as  food,  16  or  ]6||  passed  off  with  the  urine  and  1 1  or  1  j,  or 
from  ^  to  -j^,  by  the  bowels. 

The  effect  of  alcohol  and  brandy  on  the  elimination  of  nitrogen  was  not 
great.  In  the  alcoholic  period  there  was  a  slight  increase  over  the  previous 
period,  but  this  was  dependent  (partly,  at  any  rate)  on  an  accidental  cir- 
cumstance.    On  the  twelfth  day  (during  alcohol)  the  weather  was  very  coldi 
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and  the  man  had  a  chill ;  there  wiis  slight  shivering,  pain  in  the  hips,  and 
frequent  sneenng.  The  temperature  of  the  axilla  reached  100''  at  6  p.m^ 
and  99°*2  at  8  p.m.  ;  the  temperature  of  the  rectum  at  10  p.m.  was  100-2. 
The  urine  decreased  greatly  in  amount  (from  1440  cub.  centims.  to  1060 
cub.  centims.)»  and  became  very  turbid  from  lithates.  The  urea  increased  to 
38*65  grammes,  giring  18*05  grammes  of  nitrogen,  and  the  nitrogen  by 
soda-lime  was  no  less  than  20*32  grammes.  As  this  large  excess  surprised 
us,  both  processes  were  repeated  three  times  with  the  same  results ;  and  it 
is  therefore  to  be  concluded  that,  in  consequence  of  this  ephemeral  fever, 
there  was  a  larger  amount  of  urea  (t.  e.  of  substances  precipitated  by  mer- 
curic nitrate),  and  also  a  great  excess  of  nitrogenous  substances  not  preci- 
pitated by  mercuric  nitrate. 

On  the  following  day  the  ephemeral  fever  was  better,  though  the  tem- 
perature was  high  in  the  early  part  of  the  day  :  the  amount  of  urine  then 
became  excessive  (1800  cub.  centims.),  but  the  urea  and  the  nitrogen 
determined  by  soda-lime  both  fell  to  the  average.  If  this  fever-day 
be  deducted,  the  average  of  the  five  remaining  alcoholic-days  gives 
16*067  grammes  of  nitrogen,  or  practically  the  same  as  in  the  water- 
period. 

We  draw  the  conclusion  that  some,  probably  all,  the  excess  of  nitro- 
genous elimination  during  the  alcoholic  period  was  due  to  this  transient 
fever,  which,  it  may  be  noted,  was  neither  hindered  in  coming  on  nor  appa- 
rently prevented  in  passing  off,  by  the  6  and  8  ounces  of  absolute  alcohol 
which  were  taken  on  those  days. 

In  the  period  after  the  alcohol  the  amount,  both  of  ureal  and  total  nitro- 
gen, increased.  The  excess  was  chiefly  due  to  a  great  elimination  on  the 
sixteenth  day.  On  this  day  again  a  slight  febrile  attack  recurred,  and  the 
temperature  ran  high.  At  8  p.m.  it  reached  100^*7,  and  then  fell  rapidly, 
so  that  at  10  p.m.  it  was  normal  in  both  axilla  and  rectum.  The  mean 
temperature  of  the  day  was  98°*8,  which  was  considerably  higher  than  on 
any  other  day  in  this  period. 

On  the  following  three  days  the  nitrogen  continued  high,  and  fell  on  the 
next  day  far  below  the  average.  In  the  brandy  period  it  continued  to  fall, 
snd  in  Uie  last  period  (three  days  of  water-drinking)  was  almost  precisely 
the  same  as  in  the  first. 

The  disturbing  influences  from  these  febrile  attacks  being  allowed  for, 
tod  the  small  amount  of  the  changes  in  the  quantity  of  nitrogen,  even  if 
these  attacks  are  included,  being  taken  into  account,  it  may  be  concluded 
that  alcohol  in  the  above  quantities  produces  no  effect  of  importance  in 
sltering  the  elimination  of  nitrogen  in  the  healthy  body  when  the  ingress 
of  nitrogen  is  constant.  If  any  change  does  occur,  which  is  not  certain,  it 
is  on  the  side  of  increase  ;  and  this  might  possibly  be  accounted  for  by  the 
increased  rapidity  of  the  heart's  action,  and  the  augmented  flow  of  urine, 
which  would  carry  a  little  more  urea  with  it. 
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Our  conclusion  is  quite  contrary  to  the  observations  formerly  made  on 
this  subject,  which  indicated  that  nitrogen  is  krgely  retained  in  the  body 
when  alcohol  is  used,  and  that  in  this  way  alcohol  both  increases  assimila- 
tion or,  when  food  is  deficient,  saves  the  tissues  from  destruction  and  hus- 
bands strength.  Whatever  may  be  the  case  in  febrile  diseases  (and  on  this 
])oint  the  evidence  is  defective),  we  are  quite  certain  that  this  is  not  true 
for  health,  and  that  as  long  as  the  ingress  of  nitrogen  is  the  same»  8  ounces 
of  absolute  alcohol  and  12  ounces  of  brandy,  containing  nearly  6  ounees  oi 
alcohol,  have  no  effect,  or  a  trifling  effect,  on  the  processes  which  end  in 
the  elimination  of  nitrogen  by  the  urine,  and  most  decidedly  do  not  lessen 
the  elimination  *. 

The  Phosphoric  Acid,  Chlorine,  and  Free  Acidity  of  the  Urine. 

The  phosphoric  acid  was  determined  by  nitrate  of  uranium,  the  chlorine 
by  nitrate  of  silver,  the  acidity  by  the  graduated  alkaline  solution  c — 

*  It  may  be  noted  with  regard  to  the  two  prooetaes  for  determining  nitrogen,  vis. 
precipitation  bj  Liebig's  mercuric  nitrate  and  burning  by  soda-lime,  that  the  mercurie 
nitrate  throws  down  other  nitrogenous  matters  besides  the  area.  Indeed,  Yoit  considers 
(Zeitschr.  fur  Biologie,  Band  ii.  p.  470)  that  the  total  nitrogen  in  the  urine  of  man  may 
bo  safely  concluded  from  this  test  But  this  appears  not  to  be  so  in  all  men.  In 
the  man  now  experimented  upon,  the  m'trogen  by  soda-lime  is  actually  very  nearly  the 
same  as  that  calculated  from  the  mercuric-nitrate  precipitate.  But  in  other  men,  and 
eyen  in  thia  man  now  and  then,  the  former  process  ga?c  a  much  larger  result  tlum  tlie 
latter. 

It  will  be  observed  that  occasionally  thp  process  by  soda-lime  gives  a  smaller  result 
than  that  by  mercuric  nitrate.  The  same  &ct  is  observable  in  the  table  given  by  Yoit 
in  the  paper  above  referred  to  (p.  469).  The  explanation  is  probably  this :— Possibly 
some  of  the  nou-uroal  substances  thrown  down  by  mercuric  nitrate  may  contain  less 
nitrogen  than  urea,  and  the  calculation  is  therefore  incorrect ;  but  the  chief  cause  ap- 
poarH  to  be  the  following : — Both  processes  are  liable  to  error.  The  mercuric  nitrate 
being  a  colour  test,  is  often  difficult  to  estimate  exactly  ;  ita  failure  is  on  the  lido  of  ex- 
cess, and  the  amount  of  failure  may  be  2  or  perhaps  3  per  cent.  On  the  other  hand, 
the  process  by  soda-lime  has  an  error  in  the  other  direction :  there  is  sometimes  a  diffi- 
culty in  getting  off  the  last  traces  of  ammonia,  and  there  may  be  therefore  a  slight 
error  on  the  side  of  defect.  If  in  any  urine  in  which  the  amount  of  nitrogen  by  soda- 
lime  ought  really  to  coincide  with  that  by  mercuric  nitrate,  but  in  which  each  error  of 
manipulation  reaches  its  maximum  limit  (viz.  that  the  mercuric-nitrate  solution  shows 
more  nitrogen  than  exists,  and  the  soda-lime  process  less),  the  amount  of  nitrogen  by 
the  latter  plan  may  appear  considerably  less  than  by  the  former. 
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Baja. 

1 

1 

Fteiod. 

Phoephoric 
-  acid. 

Chlorine. 

Free  aoiditj 

=or7BtaUixed 

oxalic  add. 

1 

1 
i        2 

1 

WHBr...^ 

grammes. 
2-554 
2-239 
2161 
1-891 
1-876 
2-020 
1711 
2000 
2-056 

2-1&4 
2-821 
2-117 
2-400 
1-870 
1-990 
2-228 

2107 
2560 
2-716 
2-407 
.   2690 
1-953 
2-405 

2592 
2-413 
1-890 
2-298 

2233 
2367 
2-607 
2-405 

grrarames. 
10-507 
5-624 
7342 
7-648 
4-584 
6162 
7-266 
6-603 
6915 

7776 
7-126 

7082 
7-826 
7-508 
8-780 
7-586 

6-608 
9-656 
10-437 
9-267 
8-796 
6  698 
8-577 

8-773 
10-363 
10735 

9-943 

7-712 

9206 

11-218 

9  378 

grammeB. 
2-119 
1-313 

'        3 

4 

••            ••••••••••• 

1-977 

<        6 

2-483 

6 

1 

!        7 

2-178 

8 

19              •••••••••••• 

1-778 

:    MeftD. 

9 
10 
11 
12 
13 

Aloohol    

»»          

M                       - 

»t                       •• 

1-974 

• 

2174 
2-592 
2-485 
2345 
2-116 

'      14 
Mean. 

15 

I»                       

Water 

2-292 
2-342 

2-930 

16 

1-633 

17 

1-902 

18 

2-035 

19 

2-840 

20 

1-909 

Mean, 
i      21 

Brandy    

2-208 
2-525 

22 

2-656 

23 

2-171 

Mean. 
24 

»l                     •  •  •  . 

Water 

2-451 
2-307 

25 

1391 

'      26 

2-5-20 

Mean. 

1 

2-073 

The  changes  in  the  phosphoric  acid  are  so  slight,  that  it  is  certain  the 
alcohol  exerted  little  effect.  Thus,  the  mean  of  the  first  period  being 
2*056  grammes,  on  the  two  last  days  of  the  alcohol  period,  when  8  ounces 
of  absolute  alcohol  were  taken  each  day,  the  amount  of  phosphoric  acid  was 
1-87  and  1*99  grammes  respectively,  which  is  the  same  as  the  mean  of  the 
first  period.  Now,  if  alcohol  exerted  any  effect,  we  should  expect  these  two 
days  to  show  it.  The  mean  of  the  next,  or  water  period,  when  the 
body  was  in  reality  still  impregnated  with  alcohol,  was  a  little  more 
(2*405  grammes).  On  the  third  day  of  brandy,  when  a  bottle  and  a  half 
had  been  taken  in  three  days,  the  excretion  was  1*89  gramme,  or  prac- 
tically  the  same  as  in  the  first  period. 

Looking  to  the  amounts  of  phosphoric  acid  excreted  on  the  two  last 
alcoholic  days  and  the  last  brandy  day,  when  the  effect  of  the  spirit,  if  any, 
would  be  most  marked,  it  seems  clear,  if  the  phosphoric  acid  in  the  urine 
be  in  any  way  a  measure  of  the  metamorphosis  of  the  nervous  tissue  (which 
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we  do  not  affirm),  that  these  experiments  do  not  warrant  any  aaantion  that 
the  alcohol  interferes  with  snch  metamorphosis.  The  phospliorie  acid  was 
in  fact  unaffected  even  by  such  large  quantities  as  454  cub.  centima.,  or  not 
much  less  than  i  litre  of  absolute  alcohol  in  48  hours. 

The  chlorine  was  in  larger  quantities  in  the  latter  period  of  the  experi- 
ments ;  but  whether  this  was  owing  to  the  alcohol  is  donbtfuL  As  the 
chlorine  also  passes  off  by  the  skin  and  bowels,  variations  in  the  amount 
eliminated  by  these  channels  a£Pect  the  urine.  On  the  10th  of  Febroaiy 
cold  weather  set  in,  and  continued  until  the  18th ;  and  it  seema  probable 
that  some  lessened  action  of  the  skin  caused  more  chloride  of  sodium  to 
pass  in  the  urine. 

The  free  acidity  appeared  to  be  increased  in  the  alcoholic,  and  still  more 
in  the  brandy  period ;  but  whether  the  increase  is  large  enough  to  take  it 
out  of  the  limits  of  usual  variation  is  not  certain.  It  seems  singular,  if 
alcohol  increases  the  free  acidity,  that  on  the  two  days  when  8  fluid  ounces 
were  taken  each  day,  the  acidity  was  less  than  two  days  in  the  first  period, 
and  less  than  on  the  second  alcoholic  days,  when  only  2  ouncea  of  alcohol 
were  taken. 

The  acidity  during  the  three  brandy  days  was,  however,  high  throughout, 
and  it  fell  afterwards  considerably,  so  that  probably  brandy  does  somewhat 
increase  the  acidity. 

It  is  noticeable  that  the  febrile  attack  on  the  twelfth  day,  which  so  in- 
fluenced the  nitrogen,  and  caused  a  large  deposit  of  urates,  was  without 
influence  on  the  free  acidity. 

On  the  whole,  it  may  be  concluded  that  the  influence  of  alcohol  on  these 
three  urinary  constituents  is  inconsiderable. 

The  Alvink  Discharges. 

The  discharges  from  the  bowels  were  weighed  every  day ;  they  were 
always  natural  except  on  the  two  first  days,  when  there  was  some  looseneu. 
On  those  days  the  stools  were  rather  liquid,  and  weighed  13|  and 
1 1  i  ounces.  Excluding  these  discharges,  the  mean  numbersareas  follows:^ 

Weight  in  ounces  Weight  in 

aToirdupois.  grammes. 

First  period  (water,  last  6  days)  ....  4*81  136-6 

Second  period  (alcohol) 3*8  107'9 

Third  period  (water) 3*04  86*34 

Fourth  period  (brandy) 5*35  166 

Fifth  period  (water) 3*4 1  96*8 

The  nitrogen  was  determined  twice,  viz.  on  the  fifth  day  (water),  and  on 
the  I2ih  day  (Bounces  of  alcohol);  it  amounted  to  1*639  and  2*087 
grammes  respectively. 

The  alcohol,  therefore,  did  not  lessen  the  elimination  of  nitrogen  by  the 
bowels ;  and,  considering  the  usual  great  variations  in  the  weights  of  the 
stools  from  day  to  day,  it  is  probable  tliat  it  did  not  lessen  their  amount. 


1870.]  Alcohol  on  the  Human  Body.  «  887 

The  Pulmonary  Excretion. 

Od  this  point  we  made  no  experiments.  The  method  of  Professor  von 
Pettenkofer  has  accustomed  physiologists  to  such  accuracy  in  the  deter- 
mination of  the  elimination  of  carbon,  and  there  is  so  general  a  feeling  that 
this  method,  as  dealing  with  long  periods,  is  the  best  that  can  be  employed, 
that,  as  we  had  not  Pettenkofer's  appliances,  we  preferred  doing  nothing  to 
falling  short  of  a  perfectly  satisfactory  and  unquestionable  result. 

The  Elimination  of  Alcohol. 

The  question  as  to  the  destruction  or  otherwise  of  alcohol  in  the  body  is 
rery  difficult  to  answer,  owing  to  the  impossibility  of  collecting  all  the 
excreta.  The  experiments  of  Schulinus,  and  especially  of  Anstie  and 
Dnpr6,  seem  to  show  clearly  that  only  a  small  part  can  be  recovered  from 
the  body  of  animals  or  from  the  excreta.  The  latter  authors,  by  using  the 
bichromate  of  potassium  and  sulphuric-acid  solution  as  a  colour-test,  and 
also  by  couTerting  the  alcohol  into  acetic  acid  and  estimating  it  by  an  al- 
kaline solution,  could  only  prove  the  elimination  of  very  small  quantities 
by  the  urine  ;  and  the  elimination  was  soon  accomplished. 

Owing  to  the  number  of  experiments  we  had  to  make,  we  found  we  could 
not  attempt  to  solve  this  very  difficult  question  of  eUmination ;  and  we  will 
here  merely  briefly  give  the  qualitative  observations  which  alone  we  were 
able  to  make,  and  which,  as  far  as  they  go,  confirm  the  results  arrived  at 
by  Perrin  and  Lallemand,  Edward  Smith,  and  others. 

We  used  for  this  purpose  the  chromate  test  proposed  by  Masing,  and 
used  by  most  observers  since. 

Elimination  by  the  Lungs. 

During  the  first  or  water  period,  the  man  breathed  several  times  daily, 
for  15  minutes  at  a  time,  through  the  solution  of  bichromate  of  potassium 
in  sulphuric  acid,  without  any  change  of  colour  being  produced.  On  the 
fifth  day  (water)  he  breathed  through  a  glass  tube  surrounded  by  a  freez- 
ing mixture.  About  1  *7  cub.  centim.  of  fluid  were  obtained,  which  gave  no 
green  reaction  with  the  test.  On  the  first  day  of  alcohol  (1  fluid  ounce) 
no  alcohol  was  indicated  in  the  breath  by  the  test ;  on  the  second  day 
(2  fluid  ounces)  the  test  was  slightly  affected  ;  on  the  four  following  days 
(4,  6,  8,  and  8  ounces  of  alcohol)  markedly  so,  but  with  variable  intensity  at 
different  times  of  the  day. 

On  the  last  day  of  alcohol  the  water  in  the  breath  was  condensed  during 
15  minutes,  in  a  glass  tube  surrounded  by  ice ;  *7  cub.  centim.  of  fluid 
were  obtained,  which  gave  a  strong  green  reaction  with  the  bichromate  test. 

On  the  following  day  breathing  had  no  effect  on  the  fluid. 

Daring  the  brandy  days  the  breath  always  produced  a  green  tint,  and 
usually  it  was  very  marked. 

We  did  not  attempt  any  determination  of  quantity  by  this  colour  test ; 
and  Anstie  has  pointed  out  that  the  bichromate  test  is  so  delicate  that  the 
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quantity  passing  off  may  easily  be  orerrated ;  bat  it  can  hardly  be  doabted 

that  in  twenty-four  hours  there  must  be  a  good  deal  of  eliminarion  by  this 

channel. 

Elimination  by  the  Skin. 

On  the  seyenth  day,  when  only  water  was  taken*  the  whole  arm  was 
placed  in  a  glass  jar,  which  was  closed  by  india-rubber.  A  little  fluid  wu 
collected,  which  gave  no  eyidence  of  alcohol  with  the  bichromate  test. 

In  the  aflemoon  of  the  eleventh  day  (the  third  of  alcohol),  when  he 
had  taken  seven  fluid  ounces  in  three  days,  the  arm  was  enclosed  for  six 
hours  in  the  glass  jar.  About  12  c.  c.  of  an  acid  fluid  were  collected;  s 
small  quantity  of  which  gave  an  immediate  and  strong  green  reaction  with 
the  bichromate  test. 

On  the  fourteenth  day  (the  sixth  of  alcohol),  the  arm  was  again  enclosed 
in  the  jar,  and  8  c.  c.  of  an  opalescent  fluid  collected,  which  gave  a  veiy 
decided  reaction  with  the  bichromate. 

On  the  twenty-third  day  (the  third  of  brandy)  the  arm  was  again  placed 
in  the  jar  for  six  hours ;  10  c.  c.  of  an  acid  fluid  collected,  which  gave  a 
strong  green  reaction  with  the  bichromate  test. 

The  general  result  of  these  experiments  indicated  that  the  skin  is  a  con- 
siderable emunctory  of  alcohol,  perhaps  more  so  than  the  lungs,  if  the 
bichromate  test  is  a  safe  one,  which  we  are  inclined  to  doubt. 


Elimination  by  the  Kidneys, 

The  examination  was  conducted  as  follows : — 250  c.  c.  of  the  urine 
without  any  addition  were  placed  in  a  large  retort  and  distilled  at  a  low 
heat,  till  about  150  c.  c.  had  passed  over.  It  was  tested  with  bichromate ; 
then  50  c.  c.  were  redistilled,  and  about  15  c.  c.  were  allowed  to  pass  over. 
The  following  table  gives  the  results  : — 


3. 

9. 
10. 
11. 
12. 
13. 
14. 

20. 

21. 
22. 
23. 


Fluid  taken. 


Water 

Alcohol,  1  fluid  ounce  ... 
Alcohol,  2  fluid  ounce»»... 
Alcohol,  4  fluid  ounces... 
Alcohol,  G  fluid  ounces.. 
Alcohol,  8  fluid  ounces. . . 
Alcohol,  8  fluid  ounces... 
r  Water,  and  the  same  for 

1      5  days  before 

Brandy/ 12  fluid  ounoe8. 
Brandy,  12  fluid  ounces . 
Brandy,  12  fluid  ounces . 


Head  ion  of  first  distillate 

Eeadion  of  second  distil- 

with bichromate  tost. 

late  with  bichromate  test 

None. 

k 

None. 

None. 

None. 

Distinct. 

Slight. 

Distinct. 

Distinct. 

Very  strong. 

Very  strong. 

Very  strong. 

Very  strong. 

Very  great. 

Very  slight,  just  possible 

to  bo  affirmed. 

Very  strong. 

Very  strong. 

Very  strong. 

This  table  shows  distinctly  that  with  one  ounce  of  alcohol  in  twenty- 
four  hours,  none  was  detected  in  the  urine  of  that  day ;  it  was  detected 
when  two  fluid  ounces  were  taken  ;  and  then,  as  the  amount  of  alcohol  was 
increased,  more  and  more  passed  into  the  urine,  until  at  last  the  reaction 
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became  very  strong.  As  to  the  exact  amount  of  alcohol  passing  off,  we 
can  say  nothmg ;  but,  looking  to  the  delicacy  of  the  test,  it  was  probably 
not  great. 

In  the  case  of  the  brandy,  we  attempted  on  the  first  day  to  determine 
the  quantity  by  the  method  of  Dupr6,  viz.  convertmg  the  alcohol  into 
acetic  acid  by  heating  with  chrome-alum. 

The  results  indicated  rather  a  larger  quantity  than  he  found ;  but  still 
the  amount  was  small.  In  the  whole  day's  urine  only  *1763  gramme,  or 
27  grains  of  alcohol  were  discoverable  by  this  method. 

Elimination  by  the  Bowels, 
The  stools  were  mixed  with  distilled  water ;  and  after  standing  for  seven 
or  eight  days  in  covered  vessels,  the  water  was  poured  off,  and  30  c.  c.  were 
distilled  from  2j0  c.  c. 


Day. 

Fluid  taken. 

Reaction  of  distillate  with  the 
hichromate  teat 

11. 
12. 
13. 
14. 

AlcohoL 
ft 
>f 
it 

Decided,  but  not  great. 
»» 

We  think  it  can  scarcely  be  doubted  that  the  elimination  of  alcohol  does 
not  take  place  so  rapidly  as  is  supposed.  Looking  to  the  evidence  of  the 
pulse,  of  the  sphygmographic  tracings,  and  of  the  urine  on  the  twentieth 
day,  we  must  conclude  that,  twenty-nine  fluid  ounces  of  absolute  alcohol 
having  been  taken  in  six  days,  the  body  had  still  traces  of  it  on  the  sixth 
day  after  the  alcohol  was  left  off. 

The  evidence  of  Anstie  and  Duprd  is  certainly  strong  against  the  urine 
being  a  great  channel  of  elimination  ;  but  possibly,  though  not  excessive  at 
any  one  time,  the  exit  is  longer  continued  than  they  supposed  ;  and  when 
the  constant  passage  from  the  skin  and  from  the  lungs  and  bowels  is  re- 
membered, we  can  easily  suppose  that  the  totality  of  elimination  may  be 

really  considerable. 
But  whether  all  the  alcohol  thus  passes  off,  or  whether  some  is  de- 

itroyed,  our  experiments  do  not  enable  us  to  state. 

General  Conclusions. 

1.  One  and  two  fluid  ounces  (28*4  c.  c.  and  56*8  c.  c.)  of  absolute  alcohol 
given  in  divided  quantities  in  24  hours  to  a  perfectly  healthy  man  seemed 
to  increase  the  appetite.  Four  fluid  ounces  lessened  it  considerably ;  and 
larger  quantities  almost  entirely  destroyed  it.  On  the  last  day  of  alcohol 
the  man  was  three  quarters  of  an  hour  eating  8  ounces  of  bread,  and  could 
hardly  do  so.  Had  he  been  left  to  his  own  wishes  the  amount  of  food 
taken  would  have  been  much  diminished. 

It  appears,  therefore,  that  in  this  individual  some  point  near  2  fluid 
ounces  of  absolute  alcohol  is  the  limit  of  the  useful  action  on  appetite ;  but 

2o2 


iriii>(i'a(l  of  the  uiean  of  llio  S  davs  or  73*.')/ 
tlii.s  one  tla\',  viz.  1~  ln'ats  per  niiiuitc,  with  tlic 
sure  not  to  overestimatL'  the  action  of  the  alcoh( 
On  the  9th  day,  with  1  fluid  ounce  of  alcohol, 

more. 
On  the  10th  day,  with  2  fluid  ounces,  1872  tim 
On  the  11  th  day,  with  4  fluid  ounces,  12,960  ti 
On  the  12th  day,  with  6  fluid  ounces,  30,672  t 
On  the  13th  day,  with  8  fluid  ounces,  23,904  t 
On  the  14th  day,  with  8  fluid  ounces,  25,488  ti 

But  as  there  was  ephemeral  fever  on  the  12tl 
deduction,  and  to  estimate  the  number  of  beats 
tween  the  1 1th  and  13th  days,  or  18,432.     Ad( 
es^cess  of  beats  during  the  alcoholic  days  was  14,^ 
more  than  13  per  cent. 

The  first  day  of  alcohol  gave  an  excess  of  4  pc 
per  cent. ;  and  the  mean  of  these  two  gives  almc 
excess  as  the  mean  of  the  6  days. 

Admitting  that  each  beat  of  the  heart  was  as  £ 
period  as  in  the  water  period  (and  it  was  really  i 
on  the  last  two  days  of  alcohol  was  doing  one-fift 

Adopting  the  lowest  estimate  which  has  bee 
done  by  the  heart,  viz.  as  equal  to  122  tons 
during  the  alcoholic  period  did  daily  work  in  e: 
tons  one  foot,  and  in  the  last  two  days  did  extr 
24  tons  lifted  as  far. 

The  period  of  rest  for  the  heart  was  shortene 
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iniciiigs  show  a  more  rapid  contraction  of  the  ventricles,  but  less  power 
than  in  the  alcoholic  period.  The  brandy  acted,  in  fact,  on  a  heart  whose 
nntrition  had  not  been  perfectly  restored. 

The  peripheral  circulation  was  accelerated  and  the  vessels  were  enlarged ; 
and  the  effect  was  so  marked  as  to  show  that  this  is  an  important  influence 
for  good  or  for  evil  when  alcohol  is  used. 

Referring  only  to  this  healthy  man,  it  is  clear  that  the  amount  of  alcohol 
the  heart  will  bear  without  losing  its  healthy  sphygmographic  tracing  is 
small,  and  it  must  be  supposed  that  some  disease  of  heart  or  vessels  would 
eventually  follow  the  overaction  produced  by  large  doses  of  alcohol. 

3.  Although  large  doses  of  alcohol  lessened  appetite,  they  did  not  ap- 
pear to  impede  primary  digestion,  as  far  as  this  could  be  judged  of  by  the 
sensations  of  the  man ;  nor  did  they  seem  to  check  the  normal  chemical 
changes  in  the  body  which  end  in  the  ehmination  of  nitrogenous  excreta, 
of  phosphoric  acid,  and  of  free  acidity.  In  other  words,  we  were  unable 
to  trace  either  the  good  or  the  evil  ascribed  to  alcohol  in  this  direction :  it 
neither  depressed  these  chemical  changes  nor  obviously  increased  them ; 
it  neither  saved  the  tissues  nor  exhausted  them ;  and  even  in  the  period  of 
ephemeral  fever  its  effects  were  negative. 

But,  of  course,  in  these  experiments  we  were  not  dealing  with  diseased 
tissues,  nor  with  structures  altered  in  composition  by  long-continued  excess 
of  alcohol.  The  results  in  such  cases  might  be  different ;  and  it  may  be 
desirable  to  repeat  that  though  appetite  was  lessened,  the  amount  of  food 
taken  was  the  same  each  day. 

4.  Neither  pure  alcohol  nor  brandy,  in  the  quantities  given,  lessened  the 
temperature ;  in  other  words,  they  did  not  arrest  the  chemical  changes 
which  produce  animal  heat,  or  lessen  the  processes  which  regulate  its 
amount,  any  more  than  they  influenced  nitrogenous  tissue- change.  Alcohol 
in  no  way  influenced  the  rise  of  temperature  during  the  attack  of  ephemeral 
fever ;  it  neither  lowered  nor  increased  it.  This  appears  to  us  conclusive 
against  the  proposal  to  use  alcohol  as  a  reducer  of  febrile  heat. 

On  the  other  hand  it  is  not  clear  that  alcohol  increased  the  temperature : 
it  produced  subjective  feelings  of  warmth  in  the  stomach,  in  the  face,  round 
the  loins,  and  over  the  shoulders  ;  but  at  the  time  when  these  were  felt 
(for  about  one  hour  after  tolerably  large  doses)  the  thermometer  in  the 
axilla  and  rectum  showed  no  rise.  This  is  best  seen  by  comparing  the 
two  o'clock  observations,  which  were  taken  about  half  an  hour  after  dinner. 
The  feelings  result  from  the  enlargement  of  the  vessels  and  the  greater 
flow  of  blood  through  them ;  so,  also,  the  ephemeral  fever  was  decidedly 
not  made  worse  by  it. 

5.  An  effect  on  the  nervous  system  was  not  proved  by  any  evidence  of  in- 
crease or  decline  in  the  amount  of  phosphoric  acid  ;  but  there  were  marked 
subjective  feelings ;  and  possibly  also  the  increased  action  of  the  heart  was 
a  nervous  condition,  as  the  short  contractions  of  the  ventricle  were  like 
those  ascribed  to  alterations  in  the  nervous  currents.     The  feelings  which 
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were  produced  by  four  fluid  ounces  daily,  and  in  a  atill  higher  degree 
by  the  larger  quantities  of  alcohol,  proved  that  narcotism  was  produced. 
There  was  no  exhilaration,  but  a  degree  of  heaviness,  indispotitioii  to 
exertion,  and  loss  of  cheerfulness  and  alacrity ;  there  was  slight  headachy 
and  even  some  torpor  and  sleepiness.  All  these  efifects  were  more  marked 
with  brandy.  The  commencement  of  narcotism  was  therefore  produced 
in  this  man  by  some  quantity  much  less  than  4  fluid  ounces,  and  probably 
nearer  2.  It  was  nearly  this  amount  which  also  commenced  to  destroy  the 
appetite ;  and  it  may  also  be  observed  that  a  considerable  rise  in  the  fre- 
quency of  the  pulse  occurred  on  the  third  day  of  alcohol,  when  4  onnoes 
were  taken,  whereas  on  the  days  with  one  or  two  ounces  the  pulse,  though 
quickened,  was  so  in  a  much  less  degree. 

Putting  therefore  these  points  together,  vis.  that  the  obvious  effect  oa 
the  nervous  system  (t.  e.  narcotism),  the  loss  of  appetite,  and  a  great  rise 
in  the  quickness  and  frequency  of  the  heart's  beats  occurred  at  the  same 
time,  it  seems  fair  to  conclude  that  there  must  be  a  relation  between  the 
phenomena,  or,  in  other  words,  that  all  were  owing  to  nervous  implication. 

It  appears,  then,  clear  that  any  quantity  over  two  ounces  of  abso- 
lute alcohol  daily  would  certainly  do  harm  to  this  man ;  but  whether 
this,  or  even  a  smaller  quantity,  might  not  be  hurtful  if  it  were  con- 
tinued day  after  day,  the  experiments  do  not  show.  It  is  quite  obvious 
that  alcohol  is  not  necessary  for  him ;  that  is,  that  every  function  was 
perfectly  performed  without  alcohol,  and  that  even  one  ounce  in  twenty- 
four  hours  produced  a  decided  effect  on  his  heart,  which  was  not  necessary 
for  his  health,  and  perhaps,  if  the  effect  continued,  woidd  eventually  lead 
to  alterations  in  circulation,  and  to  degeneration  of  tissues.  It  is  not  diffi- 
cult to  say  what  would  be  excess  for  him ;  but  it  is  not  easy  to  decide  what 
would  be  moderation  ;  it  is  only  certain  that  it  would  be  something  under 
two  fluid  ounces  of  absolute  alcohol  in  twenty-four  hours. 

It  will  be  seen  that  the  general  result  of  our  experiments  is  to  confirm 
the  opinions  held  by  physicians  as  to  what  must  be  the  indications  of  alcohol 
both  in  health  and  disease.  The  effects  on  appetite  and  on  circulation  are 
the  practical  points  to  seize ;  and  if  we  are  correct  in  our  inferences,  the 
commencement  of  narcotism  marks  the  point  when  both  appetite  and  circula- 
tion will  begin  to  be  damaged.  As  to  the  metamorphosis  of  nitrogenous 
tissues  or  to  animal  heat,  it  seems  improbable  that  alcohol  in  quantities  that 
can  be  properly  used  in  diet  has  any  effect ;  it  appears  to  us  unlikely  (in  the 
face  of  the  chemical  results)  that  it  can  enable  the  body  to  perform  more 
work  on  less  food,  though  by  quickening  a  failing  heart  it  may  enable 
work  to  be  done  which  otherwise  could  not  be  so.  It  may  then  act  like  the 
spur  in  the  side  of  a  horse,  eliciting  force,  though  not  supplying  it. 

The  employment  of  alcohol  in  health  and  disease  is  so  great  a  subject 
that  we  should  have  felt  tempted  to  extend  these  remarks  to  some  points 
of  medical  practice,  had  it  been  desirable  to  do  so  in  this  place.  We  will 
only  say  that  while  we  recognize  in  these  experiments  the  great  practical 
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nie  of  alcohol  in  rotudng  a  failing  appetite,  exciting  a  feeble  heart,  and 
accelerating  a  languid  capillary  circulation,  we  have  been  strongly  im- 
preaaed  wiUi  the  neceasity  for  great  moderation  and  caution.  In  spite  of 
our  previous  experience  in  the  use  of  alcohol  and  brandy,  we  were  hardly 
prepared  for  the  ease  with  which  appetite  may  be  destroyed,  the  heart 
unduly  excited,  and  the  capillary  circulation  improperly  increased.  Con- 
sidering its  daily  and  almost  universal  use,  there  is  no  agent  which 
seems  to  us  to  require  more  caution  and  more  skill  to  obtain  the  good  and 
to  avoid  the  evil  which  its  use  entails. 

We  wish  to  guard  ourselves  against  the  supposition  that  in  speaking  of 
alcohol  and  brandy  we  refer  at  all  to  wine  and  beer,  which  contain  sub- 
stances, in  addition  to  alcohol,  which  may  make  their  action  in  nutrition 
somewhat  different. 


Presents  received  May  12,  1870. 

Transactions. 

Birmingham: — Institution  of  Mechanical  Engineers.  Proceedings.  Nov. 

2, 1859,  Jan.  25, 1860,  July  2S,  29, 1868.  Part  1,  Aug.  3,  4,  1869 ; 

Part  2,  Nov.  4,  1869.  8vo.  Birmlnglmm  1859-69. 

The  Institution. 
Bremen : — Naturwissenscbaftlichor  Verein.      Abbandlungen,   Bd.  II. 

Heft  2.  8vo.  Bremen  1870.  The  Union. 

Calcutta: — Asiatic  Society  of  Bengal.    Journal.    1869,  Part  1,  No.  4. 

Svo.  CaUuttal^lO.    Proceedings.  1869,  No.  11  ;  1870,  No.  1.  8vo. 

Calcutta  1869-70.    •  .    The  Society. 

Harlom  : — Musee  Teyler.   Archives.  Vol.  II.  fasc.  4.  roy.  8vo.  Harlein 

1869.  The  Museum. 

Montreal: — ^M*Gill  University.     Calendar   and  Examination    Papers, 

1868-69.  8vo.  Montreal  1869.  The  University. 

Neuch&tel : — Soci^te  des   Sciences   Naturcllcs.    Bulletin.    Tome  VIII. 

cahier2.  8vo.  Neuchdtel  IS^^.  The  Society. 

Paris: — ficole  des  Mines.    Annales  des  Mines.    6*serie.    Tome  XVI. 

5*  et  6*livraisons  de  1869.  8vo.  Paris  1869.  The  iDstitutioii. 

Association  pour  rencouragement  des  fitudes  Grccques  en  France. 

Annuaire.    4'  annde,  1870.  8vo.  Paris  1870.         The  Association. 
Philadelphia : — Franklin  Institute.  Journal.  Nos.  527-30.  8vo.  i  hila- 

dtlphia  1 869-70.  The  Institute 

Wiirzburg: — Physikal.-Mediein.  Gesellsehaft.    Verhandlungen.     Neue 

Folge.  Band  I.  Heft  4.  8vo.   Wiirzhnry  1 869.  The  Society. 


,Ml;llVn<;u    iiiur.\r>     i'»      »<'i<n..v 

kli'-A\Ii     ;i<   tll('     K''niclii1tl';ili<'i;i.   j>H  srrvcd  MI 
( 'it  \     I'l'  Lull(l<'ll.     >\'>.      Lmi'loii     l"^?'*. 

'i'lit'  Lilirarv  ('uiniiiilttT  uT  t 


May  19,  1870. 

TranJsactions. 

Birmingham : — Institution  of  Mechanical  Eng 

August,  18G9.     Newcastle  Meeting.     I 

Newcastle  1869-70. 
Calcutta: — Asiatic  Society  of  Bengal.    Joun 

Part 2,  No. 3.  8vo.  Cakuttal^m,  Proce 

8vo.  Calcutta, 
Christiania : — Universitet.    Be  Vi  Logicce  Ea* 

sophiae  historia,  a  M.  J.  Monrad.    8vo. 

chiels  Sjmer  og  Chaldseernes  Astrolab, 

Christiania  1866.     Ungedruckte,  unbeac 

Quellen  zur  Geschichte  des  Tauf symbol 

von  C.  P.  Caspari,  1,  2.  8vo.  Clnnstiani< 
Devonshire  Association  for  the  Advancement 

Art.  Report  and  Transactions.  Vol.  III. 

Dublin  : — Royal  Irish  Academy.  Transactio 
Parts  9-15  ;  Antiquities,  Part  8 ;  Polit 
Dublin  1867-70. 

Falmouth: — Royal  Cornwall  Polytechnic  Soci( 
Report.   8vo.  Fahnonth\^(S9. 


1870.]  Ptnenii.  895 

TranaactionB  {wwfma^d). 

Lausanne : — Soci^t^  Vaudoise  des  Scienoes  NatareUea.    Bulletin.   Yol. 

X.  No.  62.  8yo.  Lausanne  1869.  The  Society. 

Leeds : — ^Philosopliical  and  Literaiy  Society.   Catalogue  of  the  Library. 

Syo.  Leeds  1866.  The  Society. 

London : — ^Anthropological  Society.    Anthropological  Eeview.  No.  29. 

8vo.  London  1870.  The  Society. 

Geological  Society.    Quarterly  Journal.    Yol.  XXYI.   Part  2.  (No. 

102.)  8vo.  London  1870.  The  Society. 

Montreal: — Natural-History  Society.     The  Canadian  Naturalist  and 

Geologist  (and  Quarterly  Journal  of  Science).    New  series.    YoL 

m.  No8.  5,  6  ;  Yol.  IV.  No.  2.  8yo.  Montreal  1868-69. 

The  Society. 
Paris : — Sedate  Entomologique  de  France.  Annales.  4*  serie.  Tome  IX. 

8vo.  Parte  1869.  The  Society. 

Philadelphia : — ^American  Philosophical  Society.   Proceedings.   Vol.  XI. 

No.  81.  8vo.  Philadelphia  1869.  The  Society. 

Utrecht : — Physiologisch  Laboratorium  der  Utrechtsche  Hoogeschool. 

Ondenoekingen.  Tweede  Eeeks,  II.  8yo.  Utrecht  1869. 

Dr.  F.  C.  Bonders,  For.  Mem.  R.  8. 


Alderson  (Sir  James,  F.E.S.)  Address  of  the  President  of  the  Royal 
CoUege  of  Physicians  to  the  Fellows  on  the  11th  of  April,  1870.  8vo. 
London.  The  Author. 

Donders  (F.  C,  For.  Mem.  R.  S.)  Het  Tienjarig  Bestaan  van  het  Ne- 
derlandsch  Gasthuis  voor  Ooglijders ;  Yerslag.  8yo.  Utrecht  1869. 

The  Author. 

Fair  (Dr.  W.,  F.R.S.)  Report  to  the  International  Statistical  Congress 
held  at  the  Hague  in  1869.  8vo.  London  1870.  The  Author. 

Fayrer  (J.)  H.R.H.  the  Duke  of  Edinburgh,  K.G.,  in  India.  4to.  Cal- 
cutta 1870.  The  Author. 

Linder(M.)  Du  rdle  de  1'  Attraction  Universelle  et  de  la  resistance  de 
Pother  dans  les  variations  de  forme  des  com^tes,  k  propos  de  la 
th^rie  com^taire  de  M.  Tyndall.  4to.  Paris  1869.  The  Author. 

Mensbrugghe  (G.  van  der)  Sur  la  Yiscosit^  superficielle  des  Lames  de 
solution  de  Saponine.  8vo.  Bruxdles  1870.  The  Author. 

Mohn  (H.)  Temperature  de  la  Mer  entre  Tlslande,  T^cosse  et  la  Nor- 
v^ge.  8vo.  Christiania  1870.  The  Author. 

Pander  (C.  H.)  Ueber  die  Ctenodipterinen  des  devonischen  Systems. 
4to.  St.  Petersburg  1858.  Ueber  die  Saurodipterinen,  Dendrodonten, 
Glyptolepiden  und  Cheirolepiden  des  devonischen  Systems.  4to.  St. 
Petersburg  1860.         The  Etat-Major  of  Mining  Engineers  of  Russia. 

TOL.  ZYUI.  2  H 


896  PrmaUi.  \MMf  1% 

Pourtalee  (L.  F.  de)    ContribntioDS  to  the  Fauns  of  flie  fliilf  rinmn  flk 

great  Depths.  Syo.  Cambridge,  Mats.  1867.  Hie  Author. 

Kenlhaber  (A.)    Resoltate  aus  den  im  Jahre  1868  anf  dor  Stomirarte  m 

Slremsmunster  angestellten  meteorcdogiechen  Beobadhtangen.  12mo. 

Linz  1870.  The  Author. 

Stevenson  (D.)    Altered  Relations  of  British  and  Foreign  Indnsfcriee  and 

Mannfactures :  the  Cause  and  the  Core.  8yo.  Edinburgh  1869. 

The  Author. 
Zantedeschi  (F.)    La  Meteorografia  del  Gloho  studiata  a  direrse  ahitudini 

da  Terra.  8vo.  Brescia  1869.  The  Antibw. 


Nederlandsch  Archief  yoor  Genees-  en  Natuurkunde,  door  F.  C.  Bonden  ei 
W.  Koster.  Deel  IV.  Afl.  5 ;  Deel  V.  Afl.  1.  8vo.  Utrwhi  1869. 

Br.  DonderSy  For.  Jifem.  R.  fi 

Eeport  of  the  Meteorological  Reporter  to  the  Ghnremment  of  Bengal  fi 
the  year  1868-69.  foL  Calcutta  1869.  H.  T.  Blanfiird, 

The  Society  adjourned  over  Ascension  Day  and  the  Whitsuntide 
to  Thursday,  June  16. 

June  2,  1870. 
The  Annual  Meeting  for  the  election  of  Fellows  was  held  this  day. 

General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in  the  Chair. 

The  Statutes  relating  to  the  election  of  Fellows  having  been  read.  Dr. 
Duncan  and  Capt.  Evans  were,  with  the  consent  of  the  Society,  nominated 
Scrutators  to  assist  the  Secretaries  in  examining  the  Lists. 

The  votes  of  the  Fellows  present  having  been  collected,  the  followinf 
Candidates  were  declared  to  be  duly  elected  into  the  Society  : — 


William  Froude,  C.E. 

Edward  Headlam  Greenhow,  M.D. 

James  Jago,  M.D. 

Nevil  Story  Maskelyne,  M.A. 

Maxwell  Tylden- Masters,  M.D. 

Alfred  Newton,  M.A. 

Andrew  Noble,  Esq. 

Capt  Sherard  Osbom,  R.N. 


Rev.  Stephen  Parkinson,  B.D. 
Capt.  Robert  Mann  Parsons,  R.E. 
William  Henry  Ransom,  M.D. 
Robert  H.  Scott,  Esq. 
George  Frederic  Verdon,  C.B. 
Augustus  Voelcker,  Ph.D. 
Samuel  Wilks,  M.D. 


Thanks  were  voted  to  the  Scrutators. 
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INTRODUCTION. 

Preliminary  Proceedings. 

The  following  Extracts  from  the  Minutes  of  the  Council  of  the  Royal 
Society  set  forth  the  origin  of  the  'Porcupine'  Expedition,  and  the  objects 
which  it  was  deuigned  to  cairy  out. 

January  21,  1869. 

The  Preliminary  Report  of  the  Dredging  Operations  conducted  by  Drs. 
Carpenter  and  Wyville  Thomson  (in  the  'Lightning')  having  been  consi- 
dered, it  was 

Resolved, — ^That,  looking  to  the  valuable  results  obtained  from  these 
Marine  Researches,  restricted  in  scope  as  they  liave  been  in  a  first  trial, 
the  President  and  Council  consider  it  most  desirable,  with  a  view  to  the 
advancernent  of  Zoology  and  other  branches  of  science,  that  the  explo- 
ration should  be  renewed  in  the  course  of  the  ensuing  summer,  and 
carried  over  a  wider  area ;  and  that  the  aid  of  Her  Majesty's  Govern- 
ment, so  liberally  a£Porded  last  year,  be  again  requested  in  furtherance 
of  the  undertaliing. 
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Resolved, — That  a  Committee  be  appointed  to  report  to  the  Council  on 
the  measures  it  will  be  advisable  to  take  in  order  to  carry  the  forcing 
resolution  most  advautageouslj  into  effect.  The  Committee  to  consist 
of  the  President  and  Officers,  with  Dr.  Carpenter,  Mr.  Ghrja  JeflBreyi^ 
and  Captain  Richards.   . 

February  18,  1869. 

Read  the  following  Report  of  the  Committee  on  Marine  Researches:— 

''  The  Committee  appointed  by  the  Council  on  the  21st  of  January,  to 
consider  the  measures  advisable  for  the  further  prosecution  of  Researchei 
into  the  Physical  and  Biological  Conditions  of  the  Deep  Sea  in  the  neigh- 
bourhood of  the  British  Coasts  beg  leave  to  Report  as  follows : — 

''The  results  obtained  by  the  Dredgings  and  Temperatare^SoHndingi 
carried  on  during  the  brief  Cruise  of  H.M.S.  '  Lightning'  in  August  and 
September  1868,  taken  in  connexion  with  those  of  the  Dredgings  recentlj 
prosecuted  under  the  direction  of  the  Governments  of  Sweden  and  of  the 
United  States,  and  with  the  remarkable  Temperature-Soundings  of  Captain 
Shortland  in  the  Arabian  Gulf,  have  conclusively  shown — 

"  1 .  That  the  Ocean-bottom,  at  depths  of  500  fathoms  or  more,  pR- 
sents  a  vast  field  for  research,  of  which  the  systematic  exploration  ein 
scarcely  fail  to  yield  results  of  the  highest  interest  and  importance,  in  r^ 
gard  alike  to  Physical,  Biological,  and  Geological  Science. 

''  2.  That  the  prosecution  of  such  a  systematic  exploration  is  altogether 
beyond  the  reach  of  private  enterprise,  requiring  means  and  appliance! 
which  can  only  be  furnished  by  Government. 

"  It  may  be  hoped  that  Her  Majesty's  Government  may  be  induced  it 
some  future  time  to  consider  this  work  as  one  of  the  special  duties  of  the 
British  Navy ;  which  possesses,  in  the  world-wide  distribution  of  its  Shipib 
far  greater  opportunities  for  such  researches  than  the  Navy  of  any  other 
country. 

"At  present,  however,  the  Committee  consider  it  desirable  thut  the 
Royal  Society  should  represent  to  Her  Majesty's  Government  the  impoit* 
ance  of  at  once  following  up  the  suggestions  appended  to  Dr.  Carpenter^l 
*  Preliminary  Report'  of  the  Cruise  of  the  *  Lightning,'  by  instituting 
during  the  coming  season,  a  detailed  survey  of  the  deeper  part  of  the 
Ocean-bottom  between  the  North  of  Scotland  and  the  Faroe  Islands,  and 
by  extending  that  survey  in  both  a  N.E.  and  a  S.W.  direction,  so  U 
thoroughly  to  investigate  the  Physical  and  the  Biological  conditions  of  the 
two  Submarine  Provinces  included  in  that  area,  which  are  characterixed 
by  a  strongly  marked  contrast  in  Climate,  with  a  corresponding  dissimi- 
larity in  Animal  Life,  and  to  trace  this  climatic  dissimilarity  to  its  source ; 
as  well  as  to  carry  down  the  like  survey  to  depths  much  greater  than  have 
been  yet  explored  by  the  Dreilge. 

"  This,  it  is  believed,  can  be  accomplished  without  difficulty  (unless  the 
weather  should  prove  extraordinarily  unpropitious)  by  the  employment 
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rf  H  luikAble  tesflelt  prorided  with  the  requisite  appliances,  between  the 
middle  of  May  and  the  middle  of  September.  The  Ship  should  be  of 
sa£5cieiit  size  to  furnish  a  Crew  of  which  each  *  watch'  could  carrj  on  the 
mirk  continuoQBlj  without  undue  fatigue,  so  as  to  take  the  fullest  advan- 
tage df  calm  weather  and  long  summer  days ;  and  should  also  provide 
ideqqate  accommodation  for  the  study  of  the  specimens  when  freshly  ob- 
tained, which  should  be  one  of  the  primary  objects  of  the  Expedition.  As 
there  would  be  no  occasion  to  extend  the  Survey  to  a  greater  distance  than 
(at  the  most)  400  miles  from  land,  no  difficulty  would  be  experienced  in 
obtaining  the  supplies  necessary  for  such  a  four  months'  cruise,  by  run- 
ning from  time  to  time  to  the  port  that  might  be  nearest.  Thus,  supposing 
that  the  Ship  took  its  departure  from  Cork  or  G-alway,  and  proceeded 
Irst  to  the  channel  between  the  British  Isles  and  Rockall  Bank,  where 
lepths  of  ftom  1000  to  1300  fathoms  are  known  to  exist,  the  Dredgings 
md  Temperature-Soundings  could  be  proceeded  with  in  a  northerly  di- 
rection, until  it  would  be  convenient  to  make  Stomoway.  Taking  a  fresh 
departure  from  that  port,  the  exploration  might  then  be  carried  on  over 
the  area  to  the  N.W.  of  the  Hebrides,  in  which  the  more  moderate  depths 
[from  500  to  600  fathoms)  would  afford  greater  facility  for  the  detailed 
imrey  of  that  part  of  the  Ocean-bottom  on  which  a  Cretaceous  deposit  is 
in  progress — the  Fauna  of  this  area  having  been  shown  by  the  *  Lightning' 
researches  to  present  features  of  most  especial  interest,  while  the  careful 
ifcndy  of  the  deposit  may  be  expected  to  elucidate  many  phenomena  as  yet 
mezplained  which  are  presented  by  the  ancient  Chalk  Formation.  A 
nooth  or  six  weeks  would  probably  be  required  for  this  part  of  the  Survey, 
It  the  end  of  which  time  the  vessel  might  again  run  to  Stomoway  for  sup- 
diei.  The  area  to  the  North  and  N.E.  of  Lewis  should  then  be  worked 
a  tiie  like  carefhl  manner;  and  as  the  'cold  area'  would  here  be  encoim- 
mitdt  special  attention  should  be  given  to  the  determination  of  its  boun- 
iiiiea»  and  of  the  sources  of  its  climatic  peculiarity.  These  would  pro- 
Mbly  require  the  extension  of  the  survey  for  some  distance  in  a  N.E. 
iittetion,  which  would  carry  the  vessel  into  the  neighbourhood  of  the 
Shetland  Isles ;  and  Lerwick  would  then  be  a  suitable  port  for  supplies. 
tniaterer  time  might  then  remain  would  be  advantageously  employed  in 
Iredging  at  such  a  distance  round  the  Shetlands  as  would  give  depths  of 
Srom  250  to  400  fathoms,  Mr.  Gvfyn  Jeffreys's  dredgings  in  that  locality 
lating  been  limited  to  200  fathoms. 

"  The  Natural-History  work  of  such  an  Expedition  should  be  prose- 
toted  under  the  direction  of  a  Chief  (who  need  not,  however,  be  the  same 
hronghout),  aided  by  two  competent  Assistants  (to  be  provided  by  the 
Koyal  Society),  who  should  be  engaged  for  the  whole  Cruise.  Mr.  Gywn 
Fefireya  is  ready  to  take  charge  of  it  during  the  first  five  or  six  weeks,  say, 
o  the  end  of  June,  when  Professor  Wy  ville  Thomson  would  be  prepared  to 
ake  his  place ;  and  Dr.  Carpenter  would  be  able  to  join  the  Expedition 
«rly  in  Angoat,  remammg  with  it  to  the  end.    It  would  be  a  great  ad- 
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vantage  if  the  Surgeon  appointed  to  the  Ship  should  haye  saffident  knoir- 
ledge  of  Natural  History,  and  sufficient  interest  in  the  inquiry,  to  partid* 
pate  in  the  work. 

''The  experience  of  the  previous  Expedition  will  Aumiah  adequate 
guidance  as  to  the  appliances  which  it  would  he  necessary  to  ask  the 
Government  to  provide,  in  case  they  accede  to  the  present  application. 

"  With  reference  to  the  Scientific  instruments  and  apparatus  to  be  pro- 
vided by  the  Royal  Society,  the  Committee  recommend  that  the  detidled 
consideration  of  them  be  referred  to  a  Special  Committee,  consisting  of 
Gentlemen  practically  conversant  with  the  construction  and  working  of 
such  instruments." 

Resolved, — ^That  the  Report  now  read  be  received  and  adopted*  and  thit 
application  be  made  to  Her  Majesty's  Government  accordingly. 

The  following  Draft  of  a  Letter  to  be  transmitted  by  the  Secretary  to 
the  Secretary  of  the  Admiralty  was  approved : — 

"  The  Royal  Society, 

BarliDfftoa  House, 
February  18, 1869. 

"  Sir, — Referring  to  the  'Preliminary  Report'  by  Dr.  Carpenter  of  the 
Results  of  the  Deep- Sea  Exploration  carried  on  during  the  brief  cruise  of 
Her  Majesty's  Steam-vessel  '  Lightning '  in  August  and  September  lait, 
which  has  already  been  transmitted  for  the  consideration  of  the  Lords 
Commissioners  of  the  Admiralty — I  am  directed  by  the  President  and 
Council  of  the  Royal  Society  to  state  that,  looking  to  the  valuable  infor- 
mation obtained  from  these  Marine  Researches,  although  comparativdj 
restricted  in  duration  and  extent,  they  deem  it  most  desirable,  in  the  in- 
terests of  Biological  and  Physical  Science,  and  in  no  small  degree  also  for 
the  advancement  of  Hydrographical  knowledge,  that  a  fresh  exploration 
should  be  entered  upon  in  the  ensuing  summer,  and  extended  over  a  wider 
area;  and  they  now  desire  earnestly  to  recommend  the  matter  to  the 
favourable  consideration  of  My  Lords,  in  the  hope  that  the  aid  of  Her 
Majesty's  Government,  which  was  so  readily  and  liberally  bestowed  last 
year,  may  be  afforded  to  the  undertaking  now  contemplated,  for  which 
such  support  would  be  indispensable. 

In  favour  of  the  practicability  and  probable  success  of  the  proposed 
frosli  exploration,  I  am  directed  to  explain  that  the  objects  to  be  aimed  at, 
ns  well  as  the  course  to  be  followed  and  the  measures  to  be  employed  for 
their  attainment,  have  mainly  been  suggested  by  the  observations  made 
aiifl  the  experience  gained  in  the  last  Expedition. 

"  Further  information  as  to  the  proposed  exploration  will  be  found  in 
the  Report,  herewith  transmitted,  of  a  Committee  to  whose  consideration 
the  sulyect  was  referred  by  the  Council. 

"  It  is  understood  that  the  requisite  Scientific  Apparatus  and  the  re-> 
muneration  of  the  Assistants  to  be  employed  would  be  proyided  by  the 
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Bojal  Society.  With  r^ard  to  the  appliances  which  Her  Majesty's  Go- 
Temment  may  be  asked  to  provide^  the  experience  of  the  previous  ex{)edi- 
tion  will  furnish  adequate  guidance,  whenever  the  general  scheme  may  be 
approTcd.  It  has  appeared  to  the  President  and  Council,  that  if  the  ship 
reqmred  for  the  proposed  service  could  be  provided  by  the  temporary  em- 
ployment of  one  of  Her  Majesty's  Surveying  Vessels  now  in  commission, 
anything  beyond  a  trifling  outlay  on  the  part  of  the  Government  would  be 
rendered  unnecessary.  "  I  remain, 

**  Your  obedient  Servant, 

"W.  Sharpey,  M.D., 
"  The  Secretary  to  the  Admiralty:'  Sec.  R.S." 

Resolyed, — ^That  a  Committee  be  appointed  to  consider  the  Scientific  Ap- 
paratus it  will  be  desirable  to  provide  for  the  proposed  Expedition.  The 
Committee  to  consbt  of  the  President  and  Officers,  with  Dr.  Carpenter, 
Captain  Richards,  Mr.  Siemens,  Dr.  Tyndall,  and  Sir  Charles  Wheat- 
stone,  with  power  to  add  to  their  number. 

That  a  sum  of  jC200  from  the  Government  Grant  be  assigned  to  Dr.  Car- 
penter for  the  further  prosecution  of  Researches  into  the  Temperature 
and  Zoology  of  the  Deep  Sea. 

March  18,  1869. 
An  oral  communication  was  made  by  the  Hydrographer  to  the  effect 
that  the  Lords  Commissioners  of  the  Admiralty  had  acceded  to  the  request 
conveyed  in  Dr.  Sharpey's  letter  of  Feb.  18  ;  that  H.M.  Surveying-vessel 
'  Porcupine '  had  been  assigned  for  the  service ;  and  that  the  special 
equipment  needed  for  its  efficient  performance  was  proceeding  under  the 
direction  of  her  Commander,  C;ipt.  Calver. 

Jpril  15,  1869. 
Read  the  following  Letter  from  the  Admiralty : — 

"  Admiralty,  19  March,  18C9. 
"Sir, — ^With  reference  to  previous  correspondence,  I  am  commanded 
by  My  Lords  Commissioners  of  the  Admiralty  to  acquaint  you  that  Dr. 
Carpenter  and  his  Assistants,  who  have  been  deputed  by  the  Royal  Society 
to  accompany  the  Expedition  about  to  be  dispatched  to  the  neighbourhood 
of  the  Faroe  Isles  for  the  purpose  of  investigating  the  bottom  of  the 
Ocean  by  means  of  deep-sea  soundings,  will  be  entertained  whilst  embarked 
on  board  the  '  Porcupine '    i  the  Government  expense. 

"  I  am.  Sir, 

'*  Your  obedient  Servant, 

"  W.  G.  ROMAINK." 

"  The  President  of  the  Royal  Society:' 

June  17,  1869. 
Read  the  following  Report : — 
"The  Committee  appointed  Feb.  18,  1869,  to  consider  the  Scientific 
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Apparatus  it  will  be  desirable  to  provide  for  the  ppopoied  Ezpedhkm  for 
Marine  Researches,  beg  leave  to  lay  before  the  Ooundl  the  fidlowing 
Report : — 

*'  The  chief  subjects  of  Physical  Eoquiry  which  presented  themidvcs  u 
interesting  on  their  own  account,  or  in  relation  to  the  existence  of  Life  at 
great  depths,  were  as  follows  : — 

**  (1)  The  Temperature  both  at  the  bottom  and  at  Tariona  depths  be- 
tween that  and  the  surface. 

''  (2)  The  nature  and  amount  of  the  dissolved  Gases. 

'^  (3)  The  amount  of  Organic  matter  contained  in  the  water,  and  the 
nature  and  amount  of  the  Inorganic  salts. 

*'  (4)  The  amount  of  Light  to  be  found  at  great  depths. 

''Among  these  subjects  the  Committee  thought  it  desirable  to  confine 
themselves  in  the  first  instance  to  such  as  had  previously  to  some  extent 
been  taken  in  hand,  or  could  pretty  certainly  be  carried  out. 

"  The  determination  of  Temperatures  has  hitherto  rested  chiefly  upoa 
the  registration  of  minimum  Thermometers.  It  is  obvious  that  the  tem- 
perature registered  by  minimum  thermometers  sunk  to  the  bottom  of  the 
sea,  even  if  their  registration  were  unaffected  by  the  pressure,  wo^ld  onlj 
give  the  lowest  temperature  reached  somewhere  between  top  and  bottom, 
not  necessarUy  at  the  bottom  itself.  The  temperatures  at  various  depths 
might  indeed,  provided  they  nowhere  increased  on  going  deeper,  be  deter- 
mined by  a  scries  of  minimum  thermometers  placed  at  different  distaneei 
along  the  line,  though  this  would  involve  considerable  difficulties.  Still, 
the  liability  of  the  index  to  slip,  and  the  probability  that  the  indication  of 
the  thermometers  vvould  be  affected  by  the  great  pressure  to  which  thcj 
were  exposed,  rendered  it  very  desirable  to  control  their  indications  by  an 
independent  method. 

"  Two  plans  were  proposed  for  this  purpose,  one  by  Sir  Charles  Wheat- 
stone,  and  one  by  Mr.  Siemens.  Both  plans  involved  the  employment  of 
a  voltaic  current,  excited  by  a  battery  on  deck  ;  and  required  a  cable  for  the 
conveyance  of  insulated  wires.  The  former  plan  depended  upon  the  action 
of  an  immersed  Breguet's  thermometer,  which  by  an  electro-mechanical 
arrangement  was  read  by  an  indicating  instrument  placed  on  deck.  The 
latter  plan  made  the  indication  of  temperature  depend  on  the  existence  of 
a  thermal  variation  in  the  electric  resistance  of  a  conducting  wire.  It 
rested  on  the  equalization  of  the  derived  currents  in  two  perfectly  similar 
partial  circuits,  containing  each  a  copper  wire  running  the  whole  length  of 
the  cable,  the  sea,  and  a  resistance-coil  of  fine  platinum  wire ;  the  coil  in 
the  one  circuit  being  immersed  in  the  sea  at  the  end  of  the  cable,  and  that 
in  the  other  being  immersed  in  a  vessel  on  deck,  containing  water  the  tem- 
perature of  which  could  be  regulated  by  the  addition  of  hot  or  cold  water, 
and  detennined  by  an  ordinary  thermometer. 

'*  The  instruments  required  in  Sir  Charles  Wheatstone's  plan  were  more 
expensive,  and  would  take  longer  to  construct;  and  besides,  the  Com- 
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nittee  weie  unwilling  to  riak  the  loss  of  a  somewhat  costly  instrument  in 
ease  the  cahle  were  to  break.  On  these  accounts  thej  thought  it  best  to 
adopt  the  simpler  plan  proposed  by  Mr.  Siemens ;  and  the  apparatus  re- 
qnhred  for  carrying  the  plan  into  execution  is  now  completed,  and  in  use  in 
the  expedition. 

''  Meanwhile  a  plan  had  been  devised  by  Dr.  Miller  for  obviating  the 
effect  of  pressure  on  a  minimum  thermometer,  without  preventing  access 
to  the  stem  for  the  purpose  of  setting  the  index.  It  consists  in  enclosing 
the  bulb  in  au  outer  bulb  rivetted-on  a  httle  way  up  the  stem,  the  interval 
between  the  bulbs  being  partly  filled  with  liquid,  for  the  sake  of  quicker 
conduction.  The  Committee  have  had  a  few  minimum  thermometers  con- 
structed on  this  principle,  which  have  been  found  to  answer  perfectly.  The 
method  is  described  in  a  short  paper  which  will  be  read  to  the  Society 
to-morrow. 

"  For  obtaining  specimens  of  water  from  any  depth  to  which  the  dred- 
ging extends,  the  Committee  have  procured  an  instrument  constructed  as 
to  its  leading  features  on  the  plan  of  that  described  by  Dr.  Marcet  in  the 
Philosophical  Transactions  for  1819,  and  used  successfully  in  the  earlier 
northern  expeditions. 

** Mr.  Gwyn  Jeffreys  is  now  out  on  the  first  cruise  of  the  'Porcupine,' 
the  yessel  which  the  Admiralty  have  sent  out  for  the  purpose,  and  is 
accompanied  by  Mr.  W.  L.  Carpenter,  B.Sc.  (son  of  Dr.  Carpenter),  who 
undertakes  the  general  execution  of  the  physical  and  chemical  part  of  the 
inquiry.  A  letter  has  been  received  by  the  President  from  Mr.  Jeffreys, 
who  speaks  highly  of  the  zeal  and  efficiency  of  Mr.  Carpenter.  The  ther- 
mometers protected  according  to  Dr.  Miller's  plan,  and  the  instrument  for 
obtaining  Specimens  of  water  from  great  depths,  have  been  found  to  work 
satisfactorily  in  actual  practice.  Mr.  Siemens's  instrument  was  not  quite 
ready  when  the  vessel  started  on  her  first  cruise,  and  was  not  on  board 
when  the  above  letter  was  written.  The  gas-analyses  have  been  success- 
fully carried  on,  notwithstanding  the  motion  of  the  vessel.  From  a  letter 
subsequently  received  from  Mr.  Carpenter,  it  appears  that  Mr.  Siemens's 
i^paratus,  so  far  as  it  has  as  yet  been  tried,  works  in  perfect  harmony 
with  the  thermometers  protected  according  to  Dr.  Miller's  plan." 

"June  16, 1869.'' 

Besolyed, — That  the  Report  now  read  be  received  and  entered  on  the  Mi- 
nutes. 


Equipment. 

1.  The  equipment  of  the  'Porcupine'  for  the  purposes  of  Deep-sea  Sound- 
ing and  Dredging  was  devised  on  the  basis  of  the  experience  gained  in 
previous  Deep-sea  Sounding  Voyages  (especially  in  that  of  the  *  Hydra**), 

*  SoancUng  Voyage  of  H.M.S.  <  Hydrt/  Capttin  P.  R.  Shortland»  1868;  ^Iso  Notes 
mi  Deep-Set  Soandings,  by  Staff-Comroandqr  Davit,  1867. 
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Biid  in  the  'Lightning'  Expeditiaa. — As  it  wu  considered  adrinble  h^ 
Cflpt.  Calver  that  provision  should  be  made  for  carrying  on  SoandiDg  tnd 
Dredging  at  either  end  of  the  ship,  a  "  derrick  "  (A  C)  with  am  "  sccTtnn- 
lator"*  (EF)  was  rigged  out  both  at  the  bow  and  the  stern,  oa  the  plan 
shown  in  the  accompanjing  figure. 

Fig.  1. 


"  Tlie  Acctimulalor  is  eompoiecl  of  t  numLer  of  strong  Tulcaniitd  Indii-nibbtr 
springs  couibitied  at  their  extrem^lies  E  F  ;  and  its  uie  n  twofold, — firil,  to  iodicate  by 
ill  elongation  anye\ceBsive  itrtin  upon  the  •ounding  or  dredging  line  1  il,  irliich  puwi 
through  ibe  block  O  ',  and  itcond  to  eaxoff  the  tuddeaneuof  inch  itnin,  and  gite  tima 
far  the  action  hy  irlikh  it  may  be  relieved,  Thi)  i<  eipccially  laluable  in  Deep-ua 
Sounding  and  Dredging  when  the  veaiel  is  pjlcbing ;  for  the  friction  of  two  or  three 
miles  of  inimened  lino  is  bo  great  as  to  prevrnt  il>  yielding  to  any  sudden  jeric,  sncb  as 
that  given  to  its  attached  extremity  by  a  vertical  motion  of  a  few  feel  when  the  Tesad 
rises  to  a  sea.  And  it  is  absolutely  needful  when  Dredging  it  canied  on  from  BTcaad  a« 
large  at  the  '  Porcupine ' ;  since,  nbeuever  the  dredgi  '  fonli,'  the  mMneotuni  of  mch 
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2-  An  ample  supply  of  Sounding-line  was  provided,  specially  manu- 
factured for  the  purpose  ;  this  line,  made  of  the  hest  Italian  hemp,  although 
no  more  than  0*8  inch  in  circumference,  bears  a  strain  of  1 2  cwt.  For 
Soundings  within  1000  fathoms' depth,  it  was  found  most  convenient  to 
employ  an  ordinary  cylindrical  Deep-sea  Lead  weighing  1  cwt.,  having  at  its 
base  a  conical  cup  for  bringing  up  mud  or  sand  from  the  bottom,  which 
is  furnished  with  a  circular  lid  that  falls  down  and  closes  it  in  when  the  lead 
strikes. — Above  the  Lead  a  Water-bottle  (§  1 9)  was  attached  to  the  line,  by 
which  a  sample  of  sea-water  could  be  brought  up  from  the  bottom  or  from  any 
intermediate  depth.  And  above  this  again  there  were  attached  two  or  more 
Thermometers,  enclosed  in  cylindrical  copper  cases  having  holes  at  the  top 
and  bottom  through  which  the  sea-water  streams  upwards  as  the  lead  de- 
scends. 

3.  The  Sounding-lead  with  its  appurtenances  is  allowed  to  descend  as 
rapidly  as  it  can  carry  out  the  line ;  but  instead  of  descending  at  a  con- 
stantly  accelerating  rate,  it  requires  more  time  for  every  additional  100 
fathoms  ;  this  retardation  being  due,  not,  as  is  po[)ularly  supposed,  to  an 
increase  in  the  density  of  the  water*,  but  to  the  friction  of  the  sounding- 
line  in  its  descent,  which  of  course  increases  with  every  additional  fathom 
that  runs  out.  It  is  this  friction  that  produces  the  chief  strain  upon  the 
Ime  when  the  Lead  is  being  drawn  up,  and  renders  great  caution  requisite 
in  regulating  the  rate  of  the  reeling-in  which  is  effected  by  the  donkey- 
engine. 

4.  For  the  deeper  Somidings,  the  'Hydra'  Apparatus  was  employed. 
The  essential  principle  of  this  is  the  same  with  that  of  all  the  other  forms 
of  Deep-sea  Sounding  apparatus  now  in  use  ;  the  weights  or  sinkers  being 
so  attached  as  to  be  let  go  by  a  mechanical  contrivance  when  it  touches  the 
bottom,  so  that  the  line  is  relieved  from  the  duty  of  raising  them  to  the 
surface, — ^the  rod  or  tube  alone,  with  the  water-bottle  and  thermometers, 
bdng  brought  up  by  it.  For  Soundings  at  depths  of  from  1000  to 
1500  fathoms,  two  sinkers,  each  of  112  lbs.,  were  employed;  and  for 
yet  deeper  soundings  three  were  used.  The  peculiarity  of  the  'Hydra' 
apparatus  consists  partly  in  the  mechanical  contrivance  for  the  detach- 
ment of  the  sinkers ;  and  partly  in  the  construction  of  the  rod  which 
carries  them,  this  being  a  strong  tube  furnished  with  valves  that  open 
upwards,  so  as  to  allow  the  water  to  stream  through  it  freely  in  its  de- 
scent, whilst  they  enclose  the  mud  or  sand  into  which  the  tube  is  forced 
on  striking  the  bottom  before  the  sinker  is  detached f. 


a  vessel,  however  slowly  it  might  be  moving  through  the  water,  would  cause  the  dredge- 
line  to  part,  if  the  strain  were  sudden  instead  of  gradual. 

*  This  is  so  trifling,  even  at  2^  milet  depth,  as  not  to  equal  the  difference  in  density 
betwean  fresh  and  salt  water ;  being  estimated  by  Dr.  Miller  at  certainly  not  more  than 
l-47th  cf  its  volume,  whilst  sea-water  of  sp.  gr.  1*027  is  l-37th  heavier  than  fresh  water. 

t  A  detailed  account  of  this  Apparatus  will  be  found  in  the  "  Sounding  Voyage  of 
H.M.S. '  Hydra,' "  already  referred  to. 
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5.  Every  one  of  the  numerous  deep  Soundings  ohtained  in  this  Expedi- 
tion was  taken,  not  only  under  the  superintendence^  hut  actually  hy  the 
hands,  of  Capt.  Calver  himself;  of  whose  skill  in  the  conduct  of  this  ope- 
ration (which  often  requires  great  nicety  in  the  management  of  the 
vessel,  so  as  to  secure  a  good  up-and-down  direction  of  the  line)  it  is 
enough  to  say  that  it  is  worthy  of  the  distinguished  Service  to  which  he 
helongs,  and  to  his  high  position  in  it.  Not  a  single  fathom  of  line  has 
been  lost,  and  not  a  single  instrument  has  suffered  damage,  throughout  the 
whole  Expedition. 

6.  The  Dredges  supplied  to  the  *  Porcupine '  by  the  Admiralty  were  con- 
structed upon  the  model  of  those  which  were  found  to  work  best  in  the 
*  Lightning '  Expedition.  The  experience  of  the  First  Cruise,  however,  in 
which  the  dredging  was  carried  down  to  more  than  twice  the  depth  attained 
last  year,  led  Capt.  Calver  to  have  a  still  heavier  dredge  constructed  at 
Belfast,  upon  a  somewhat  different  pattern  ;  and  it  was  with  this  that  the 
very  deep  Dredgings  of  the  Second  cruise  were  executed,  by  which  the  con- 
dition of  the  sea-bottom  was  successfully  investigated  at  a  depth  of  2435 
fathoms  (§§  45-.">0)*.  An  ample  supply  of  strong  Drcdgc-ropc  was  pro- 
vided ;  and  a  very  simple  and  convenient  arrangement  was  devised  by  Capt« 
Calver  for  hanging  this  in  coils  upon  pins  attached  to  the  inner  side  of  the 
quarter-deck  bulwarks  (§  4G),  so  that  the  three  nautical  miles  of  line 
required  for  the  deepest  Dredging  could  be  thus  disposed  without  at  all 
encumbering  the  deck,  and  in  a  manner  which  enabled  it  to  be  most  con- 
veniently handled  both  in  paying-out  and  reeling-in,  with  the  additional 
advantage  of  keeping  it  remarkably  free  from  "  kinks." 

7.  An  important  addition  to  the  Dredging-apparatus,  which  was  devised 
by  Capt.  Calver  before  the  commencement  of  the  Third  cruise,  will  be 
described  in  its  proper  place  (§  63).  The  result  of  its  employment  was 
so  extraordinary,  that  no  deep  dredging  can  hereafter  be  accounted  of  any 
value  in  which  it  has  not  been  used  ;  and  it  is  only  now  to  be  regretted 
that  the  idea  had  not  presented  itself  earlier,  eo  as  to  have  been  carried  out 
in  the  First  and  Second  Cruises. 

8.  The  whole  of  this  equipment  would  have  been  ineffective  if  a  suitable 
Donkey-engine  had  not  been  supplied  for  working  it.  The  experience  of 
the  '  Lightning '  had  shown  that  a  single-cylinder  engine  is  not  adapted  for 
this  purpose,  being  liable  to  stop  at  either  end  of  its  stroke  when  a  heavy 
strain  is  put  on  the  drum,  and  then  moving  onwards  with  a  jerk,  so  as  to 
throw  on  the  line  a  tension  which  may  very  probably  cause  it  to  part.  It 
was  therefore  urged  upon  the  Authorities  at  Woolwich  that  a  double- 
cylinder  engine  should  be  supplied  to  the  'Porcupine';  and  a  'donkey*  on 
this  plan  was  accordingly  fixed,  which  proved  most  efficient.  Nothing 
could  exceed  the  steadiness  of  its  working,  or  the  facility  with  which  its 
speed  and  power  could  be  regulated  in  accordance  with  the  purposes  to 

*  This  is  nearly  equal  to  the  height  of  Mont  Blanc  ;  and  excecdi  by  more  than  500 
fathoms  the  depth  from  which  the  Atlantic  Cable  was  brought  to  the  surface. 
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whioh  it  wai  applied;  With  the  drum  orduiarily  used  it  brought  up  on  one 
occasion,  from  a  depth  of  767  fathoms,  just  half  a  ton  of  Atlantic  mud,  in  a 
Dredge  which,  with  its  appurtenances,  weighed  8  cwt., — making  18cwt. 
in  the  whole.  This  was  not  the  limit  of  its  capability  ;  for  by  the  substitu- 
tion of  a  smaller  drum  a  still  greater  power  could  be  obtained, — of  course 
%i  the  sacrifice  of  speed;  and  it  was  by  this  means  that  the  heaviest 
Dredge,  containing  1^  cwt.  of  Atlantic  mud,  was  drawn  up,  by  a  rope  of 
more  than  three  nautical  miles  in  length,  from  a  depth  of  2435  fathoms 
(§«  45-50). 

9.  The  working  of  the  Dredge  was  superintended  throughout  by  Capt. 
Cfilyer,  whose  trained  ability  very  early  gave  him  so  complete  a  mastery 
over  the  operation,  that  he  found  no  difficulty  in  carrying  it  down  to  depths 
at  which  this  kind  of  exploration  would  have  been  previously  deemed  out 
of  the  question.  It  is  impossible  for  us  to  speak  too  highly  of  the  skill  he 
displayed,  or  too  warmly  of  the  syn^pathy  he  showed  in  our  work.  The 
placing  the  Dredge  on  a  bottom  nearly  three  miles  from  the  surface,  the 
working  it  while  there,  and  the  subsequent  hauling  of  it  in,  with  its  pre- 
cious sample  of  the  Life  of  the  Ocean-bed  at  that  vast  depth  (all  executed 
without  the  smallest  failure,  or  even  such  a  "  hitch  "  as  might  have  caused 
the  loss  of  an  entire  day's  work),  is  an  achievement  of  which  our  Com- 
mander might  well  be  proud,  if  pride  were  in  his  nature.  That  only  one 
Df^ge  was  lost  during  the  whole  Expedition  affords  ample  proof  alike  of 
the  excellence  of  his  arrangements  and  of  the  unwearying  assiduity  with 
which  they  were  carried  into  effective  operation.  We  would  here  add  that 
the  other  Officers  of  the  ^  porcupine,'  \\z.  Staff- Commander  Inskipp,  Mr. 
Davidson,  and  Lieut.  Browning,  most  heartily  and  zpalously  seconded  their 
Commander,  in  promoting  alike  the  scientific  objects  of  the  Expedition 
and  the  welfare  and  comfort  of  all  who  were  engaged  in  carrying  them 
out. 

10.  With  regard  to  the  equipment  of  the  Ship,  it  only  remains  to  be  added 
that  the  Chart  Room  was  assigned  for  the  Scientific  work  of  the  Expedition ; 
and  that  the  accommodation  it  afforded  (though  not  all  that  could  be  de- 
sired) enabled  Chemical  Analyses  and  Microscopic  observations  to  be 
carried  o^iat  the  same  time. 

11.  The  provision  of  the  Apparatus  needed  for  the  Physical  and  Chemical 
enquiries,  which  formed  a  special  object  of  this  Expedition,  having  been 
placed  by  the  Council  of  the  Royal  Society  (Minutes  for  Feb.  18)  under 
the  direction  of  a  Committee  ''  consisting  of  gentlemen  practically  con- 
yersant  with  the  construction  and  working  of  such  instruments,"  every 
arrangement  was  made  which  was  considered  expedient  by  the  very  emi- 
nent Authorities  of  which  that  Committee  was  composed.  The  general 
ocmplusions  at  which  they  arrived  are  embodied  in  the  Report  (p.  401) 
which  they  presented  to  the  Council  (Minutes  of  June  1 7th) ;  but  it 
seems  desirable  here  to  record  in  somewhat  greater  detail  the  nature 
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of    the    preliminary  enquiries  made,    and   the   arrangements   actually 
adopted. 

12.  It  had  been  remarked  in  the  Report  of  the  **  Lightning  Expedition** 
(Proceedings  of  the  Roval  Society,  Dec.  17,  1868,  p.  185)  that  while  the 
existence  of  a  minimum  Temperature  (probably  that  of  the  hottowi)  at  least 
as  low  as  32°  (0°  Cent.),  over  a  considerable  area  of  which  the  depth  was 
between  500  and  600  fathoms,  had  been  conclusively  established,  the 
actual  minimum  might  probably  have  been  from  2^  to  4^  below  that 
recorded  by  the  Thermometers  employed,  the  pressure  of  100  atmo- 
spheres, to  which  their  bulbs  were  subjected  at  a  depth  of  about  535 
fathoms*,  being  very  likely  to  alter  the  capacity  of  the  bulbs  to  that 
extent.  *'  In  any  renewal  of  the  enquiry,'*  it  was  added,  ''  it  will  be  of 
course  desirable  that  the  Thennometric  apparatus  used  should  be  specially 
protected  from  this  source  of  error.'* 

13.  So  soon,  therefore,  as  there  was  reason  to  believe  that  the  application 
of  the  Council  of  the  Royal  Society  for  such  renewal  would  be  aix^ed  to 
by  II. M.  Government,  steps  were  taken  to  determine  the  predse  amount  of 
tills  error,  and  to  devise  the  best  means  of  preventing  it.  Afler  consulta- 
tion between  the  Hydrographer,  Dr.  Carpenter,  and  Mr.  Casella  (the 
maker  of  Meteorological  Instruments  to  the  Admiralty),  it  was  determined 
that  an  apparatus  should  be  constructed  on  the  principle  of  the  Bramah 
Press ;  in  which  Thermometers  immersed  in  water  should  be  submitted  to 
hydraulic  pressure,  which  could  be  gradually  raised  till  it  reached  three 
tons  on  the  square  inch,  its  amount  being  indicated  by  a  pressure-gauge 
as  the  experiment  ])roceeded.  Mr.  Casella  further  undertook  to  construct 
Thermometers  with  bulbs  of  extra  thickness,  in  order  that  it  might  be 
ascertained  whether  the  error  arising  from  external  pressure  (if  such  should 
be  proved  to  exist)  could  be  kept  in  check  by  this  simple  expedient.  The 
question  was  at  the  same  time  made  the  subject  of  consideration  by  a  Com- 
mittee appointed  by  the  Council  of  the  Royal  Society,  as  set  forth  in  the 
Minutes  already  cited  (p.  402,  403);  and  it  was  determined  that  trial  should 
be  given  to  a  fdan  proposed  by  Dr.  W.  A.  Miller,  which  consists  in  the 
enclosure  of  the  bulb  of  the  Six's  Thermometer  (the  form  of  Self-register- 
ing Thermometer  that  had  been  found  by  experience  best  adapted  to 
Deep-sea  Soundings)  in  a  second  or  outer  bulb,  sealed  around  the  neck  of 
the  stem, — the  space  between  the  inner  and  outer  bulbs  being  nearly 
filled  with  alcohol,  and  the  greater  part  of  the  air  being  displaced  from 
the  small  unfilled  space,  by  boiling  the  spirit  before  the  outer  bulb  is 
scaled.  In  this  manner  the  inner  bulb  is  protected  from  the  influence 
of  variations  in  external  pressure  upon  the  outer,  the  only  effect  of  which  is 
to  niter  the  caj  acity  of  the  unfilled  space;  whilst  changes  of  temperature 
in  the  mediuin  surrounding  the  outer  bulb  are  s})eedily  transmitted  to  the 
iiuid  contained  within  the  inner,  by  convection  through  the  thin  stratum. 

*  The  pressure  of  a  roluinn  of  Sea-\va(erof  100  faihoms  depth  is  280  lbs.  upon  the 
S'l'iarc  inch,  or  one  ton  for  every  800  fathoms. 
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of  alcohol  interposed  between  the  two*.  Scverftl  Thermometers  were  con. 


Fig.  2. 


A 


M 


■tmcted  upon  this  flan  by  Mr.  Casella ;  and  these 
were  tested  in  the  pressure-apparntus,  together 
with  TBrions  inatmments  of  the  ordinary  constrac- 
lioa,  as  well  as  with  instruments  constructed  hy 
Mr.  Casella  with  bulbs  of  extra  thickness.  A  pre- 
liminary trial  having  indicated  (I)  that  the  effect 
of  hjdranlic  pressure  nponoTfiinary  Thermometers 
(as  shown  by  the  rise  of  the  maximum  index)  is 
always  «ry  considerable,  though  varying  in 
amonnt  according  to  the  constmction  of  the  in- 
■tmment,  (2)  that  this  effect  cannot  be  pre- 
vented hy  an  ipereate  in  the  thiekntti  of  the  bulb, 
and  (3)  that  the  rise  of  the  maximum  index  in 
Iherraometera  protected  according  to  Dr.  Miller's 
plan  was  comparatively  trifling, — a  series  of  com- 
pariaona  between  the  "protected"  and  the  "un- 
protected" instmments  was  very  carefully  con- 
ducted under  the  direction  of  Staff- Commander 
IhtTis  of  the  Hydrographic  Office ;  who,  having 
had  experience  in  Thennometric  Soundings  in  Sir 
Jamea  C.  Ross's  Antarctic  Expedition,  felt  spe- 
cially interested  in  the  determination  of  this  ques- 
tion. In  these  experiments  the  difference  between 
the  ordinary  unprotected  Thermometers  con- 
structed hy  Mr.  Caaella  for  the  Admiralty  (by 
which  the  Temperature- Soundings  had  been  taken 
in  the  'Lightning'  Expedition),  and  protected 
Thermometers  constmcted  on  the  same  pattern  in 
every  other  respect,  was  carefully  noted  at  gradually 
increasing  pressures,  so  aato  determine  the  amount 
of  such  difference  at  depths  respectively  corre- 
sponding to  these  pressures.  The  question  whether 
the  small  elevation  of  the  maximum  index  observed  in  tha protected  Ther- 
mometers is  fairly  attributable  to  an  actual  increment  in  the  temperature 
of  the  water  in  which  they  are  immersed,  consequent  upon  the  com- 
presNon  to  which  it  is  subjected  durin«;  the  experiment,  was  carefully 
considered  by  Dr.  Miller  (Proceedings,  loc.  ril.),  who  satisfied  himself, 

•  See  Dr.  Miller'i  "  Xote  upon  ■  Self-rfgistering  Tlicruiomcler  adapted  to  Deep-sea 
SoDndlngs,"  in  Proceedings  of  Royal  Society.  June  17,  1SC9,  |).  482.  The  snine 
principle  had  been  prefiouily  ftppllcil  in  Thermometers  constmcted  under  the  direction 
of  Admiral  FiizrOT,  tlie  space  between  the  tiro  bulbs,  however,  being  occupied  lij 
mercnrT  iojtesd  of  spirit.  But  owing  to  aome  imperfection  in  llie  conslruction  of  these 
I,  their  performance  wu  not  tatisfactorv,  aad  tlie7  were  found  vcr;  liable  to 
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bj  cxperixnenU  devised  for  the  purpose,  thai  this  is  the  trtt^  iMMtit  of 
it,  and  that  the  inner  bulb  of  these  Thermomellsrs  is  twt  altered  in  tsliMeilj 
in  any  appreciable  degree  by  a  pressure  reachitl(^  to  Ikrte  tom  on  the  sqdafe 
inch  *.  This  pressure  was  found  to  send  up  the  TtiiTiitiuni  faidex  df  tlie  best 
unprotected  Thermometers  made  upon  the  Admuraltj  pattern  as  ttiiich  as  10^; 
whilst  a  pressure  of  2^  tons  on  the  square  inch  sent  up  tlie  indei  of  an 
ordinary  Phillips's  maximum  mercurial  thermometer  no  less  than  117^*5. 

M.  A  considerable  number  of  Thermometers  by  difibrent  makers^  indod- 
iug  six  protected  according  to  Dr.  BCIler*s  plan  (all  of  them  preriondy 
tested  in  the  Pressure-apparatus),  were  supplied  to  the  *  Potcupine'  by  the 
Meteorological  Department ;  and  during  its  earlier  Cruises  numerous  coUpa- 
rative  obscryations  were  made  at  different  depths,  with  the  view  of  deter- 
mining tiie  differences  between  the  protected  and  Various  forms  of  tn^hh 
tected  Thermometers  at  gradationally  increasing  depths, — such  diflbtencss 
being  here  of  course  due  to  pressure  only.  The  records  of  these  obserra- 
tions,  having  been  transmitted  to  the  Admiralty,  were  carefhlly  reduced  (0 
curves  by  Capt.  Davis,  and  compared  with  their  differences  at  corttipolid- 
ing  pressures  in  the  Pressure-apparatus ;  with  the  result  of  showing  (wImHi 
due  allowance  was  made  for  the  small  increment  of  Temperature  in  the 
experiments)  such  a  close  conformity,  that  it  became  obvious  that  the 
protected  Miller- Casella  thermometers  might  be  thoroughly  relied  on  for 
indicating  the  true  temperature  within  1°  Fahr.  under  any  pressure  not  ex- 
ceeding that  to  which  they  had  been  tested, — this  being  equivalent  to  that 
of  a  column  of  Sea-water  2400  fathoms  (4389  m^rcs)  deep.  This  happeos 
to  be  almost  exactly  that  of  the  deepest  Sounding  taken  in  the  '  Porcupine' 
Expedition,  which  was  2435  fathoms  (4453  metres). 

15.  The  thorough  reliableness  of  this  instrutnent  having  been  thus  demon- 
strated, it  was  considered  unnecessary  to  carry  the  comparative  observa- 
tions further ;  and  in  the  last  Cruise  two  protected  Thermometers  wete 
alone  employed.  The  excellence  of  these  instruments  may  be  inferred 
from  the  fact  that  they  never  differed  more  than  a  few  tenths  of  a  degree 
(Fahr.)t>  and  that  after  having  travelled  vertically  downwards  and  upwards 
with  the  Sounding-apparatus  to  a  total  amount  of  nearly  a  hundred  milei 
(one  of  the  Soundings  having  been  taken  at  a  depth  of  nearly  three  miles,  and 

*  [The  results  of  a  more  elaboralo  series  of  inyesligations  tubsequently  carried  on  bj 
Staff -Gonin milder  Daria,  Trliich  were  coiniiiunicaied  to  the  Rojal  Society,  May  19, 1870, 
lead  liim  to  believe  Uuit  the  siimll  elevation  aliove  alluded  to  in  not  entirefy  accounted  for 
by  iiicremciil  of  Temperature,  and  lliat  it  consetiuently  indicates  that  Mhie  influence  if 
still  exerted  on  the  inner  bulb  by  Prcs-suVe  on  the  outer.  The  elevation  thus  produced, 
however,  does  not  in  any  case  amount  to  P  (Fahr.) ;  and  the  error  can  be  reduced  to  a 
scale,  by  the  application  of  which  it  cjin  be  easily  corrected.] 

t  These  small  differences  arc  probably  due  to  slight  diflTercncet  in  the  rate  at  whidi 
the  instruments  took  the  temperature  of  the  water  around ;  in  which  case  the  lotper  read- 
ing would  be  the  most  correct. — Before  leaving  Belfast  on  the  Third  Cruise,  Prof.  WjnriUe 
Thomson  tested  the  condition  of  these  Thermometers  by  immersing  them  in  iee;  tod 
they  both  recorded  exactly  32^ 
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sereral  others  at  a  depth  of  above  two  miles),  thej  have  been  found  to  be 
in  as  good  order  as  when  thej  were  first  sent  out  bj  Mr.  Casella.  \Vhile 
this  most  satisfactory  result  is  partly  due  to  the  careful  handling  of  the 
aptMuratus  by  Capt.  Calver,  it  is  mainly  attributable  on  the  one  hand  to 
the  eicellenee  of  the  principle  on  which  the  Thermometers  are  constructed, 
and  on  the  other  to  the  admirable  workmanship  of  Mr.  Casella ;  for  the 
records  of  previous  Temperature-Soundings  show  that  the  fracture  of 
the  bulbs  of  unprotected  Thermometers  at  great  depths  was  a  very 
common  oecurrence,  whilst  the  record  of  observations  made  in  the 
'Lightning'  Expedition*  shows  that  the  indications  of  Thermometers  of 
less  perfect  construction  ofVen  show  a  considerable  discrepancy. 

16.  In  concluding  this  account  of  the  behaviour  of  the  protected  Miller- 
Casella  Thermometers  under  the  most  trying  conditions,  it  may  be  added 
that  wherever  the  localities  of  the  Temperature-Soundings  taken  with  these 
instruments  during  the  Third  cruise  of  the  'Porcupine'  were  the  same 
(or  nearly  so)  with  those  of  the  Temperature-Soundings  taken  in  the 
'Lightning'  Expedition,  their  correspondence  proved  to  be  very  close, 
when  the  proper  correction  for  the  depths  at  wliich  they  were  taken  was 
applied  to  the  latter  (§  95).  Thus  the  differences  of  temperature  between 
the  Warm  and  the  Cold  Areas  indicated  by  those  observationsf  remained 
the  same,  although  the  Temperatures  recorded  by  the  "  unprotected  "  Ther- 
mometers required  to  be  reduced  by  from  2°  to  3°  to  show  the  actual  tempe- 
ratures,— a  recorded  temperature  of  46°  at  650  fathoms  in  the  Warm  Area 
indicating  a  real  temperature  of  43°,  while  a  recorded  temperature  of  32°  at 
550  fathoms  in  the  Cold  Area  indicated  a  real  temperature  of  about  29 '8°. 

17.  As  it  was  considered  expedient  by  the  Committee  (p.  402)  that  a  trial 

should  be  given  to  Mr.  Siemens*  s  apparatus  for  the  determination  of  deep-sea 

temperatures,  this  apparatus  (which  he  terms  a  Differential  Thermometer) 

was  fitted  onboard  the  'Porcupine,'  and  provided  with  1000  fathoms  of  a 

small  cable  about  the  size  of  the  ordinary  Sounding-line,  which  contained 

the  two  insulated  wires  necessary  for  the  establishment  of  the  two  circuits 

to  be  brought  into  comparison.    The  indications  of  this  instrument  depend 

upon  the  equahzation  of  two  currents  transmitted  through  resistance-coils 

of  fine  platinum  wire ;  one  oi  these  coils  being  sent  down  at  the  end  of  the 

sounding-cable,  whilst  the  other  is  immersed  in  a  vessel  on  deck,  the  water 

in  which  can  be  gradually  lowered  in  temperature  by  the  addition  of  ice 

or  the  use  of  a  freezing-mixture.     When  the  equahzation  of  the  currents 

is  shown  by  the  galvanometer,  the  temperature  of  the  water  in  the  vessel 

on  deck  (indicated  by  an  ordinary  thermometer)  will  represent  that  of  the 

stratum  of  the  sea  beneath,  in  which  the  resistance-coil  is  immersed  at  the 

time. — ^Nothing  can  be  more  perfect  than  the  working  of  this  apparatus 

when  the  Galvanometer  rests  on  a  fixed  plane  surface ;  and  its  accuracy 

and  delicacy  were  satisfactorily  proved  by  experiments  carried  on  not 

*  Proceedings  of  the  Royal  Society,  Dec.  17»  18CB,  p.  172,  notet, 
t  Ibid.  p.  188. 
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xnerelj  on  shore,  but  also  on  board  the  'Poieapine*  when  lying  in  dock  or 
harbour.  But  it  could  not  be  worked  with  the  Ghdvanometer  supplied 
when  there  was  the  least  roll  of  the  vessel ;  for  it  was  then  fonnd  impoisible 
to  make  the  cero  observations  requisite  to  indicate  equilibrinniy  though 
Mr.  W.  L.  Carpenter  (who  had  charge  of  the  apparatus,  p.  403)  tried 
every  expedient  that  circumstances  admitted.  It  is  obriouSy  therefore, 
that  this  instrument  can  only  be  made  use  of  on  board  ship  when  the 
Galvanometer  is  so  suspended  as  not  to  participate  in  the  rolling  or  pitching 
of  tlie  vessel ;  and  it  is  to  be  hoped  that  Mr.  Siemens,  with  his  wdl- 
kuown  ingenuity,  may  be  able  to  devise  the  means  of  accomplishing  this. 

1 8.  It  may  be  well  here  to  mention  that  as  it  was  found  impracticable  to 
employ  Mr.  Siemens's  Differential  Thermometer  for  the  determinaUon  of 
the  question  whether  the  minimum  temperature  rqpbtered  by  the  Thermo- 
meters is  the  actual  bottom  temperature,  or  is  the  temperature  of  some 
intermediate  stratum,  this  was  effected  by  taking  series  of  Temperature 
Soundings  with  Thermometers  sent  down  to  successively  increasing  depths 
in  the  same  locality.  Such  series  were  obtained  in  each  of  the  Cruises ;  with 
the  result,  as  will  be  shown  hereafter  (§94  e^^eg.),  of  not  merely  confirming  the 
conclusion  advanced  in  the  'Lightning'  Report  (p.  189)  that  the  minimum 
temperature  is  that  of  the  bottom,  but  of  a^ordingaset  of  most  important 
data  for  a  general  doctrine  of  the  interchange  between  Equatorial  and 
Polar  waters  in  the  great  Oceanic  basins. 

19.  The  next  subject  considered  by  the  Scientific  Committee  was  the  feasi- 
bility of  constructing  a  vessel  which  should  fill  itself  with  Water,  either  at 
the  bottom  or  at  any  intermediate  depth,  as  might  be  required ;  and  which 
should  bring  such  water  to  the  surface  without  the  loss  of  any  of  the 
Gases  dissolved  in  it.  This  might  be  easily  accomplished,  were  it  not 
for  (1)  the  expansion  which  water  taken  under  great  pressure  undergoes 
when  that  pressure  is  removed,  the  force  of  which  would  be  sufficient 
to  burst  the  strongest  vessel  that  could  be  made ;  and  (2)  the  expansile 
force  of  the  gases  dissolved  iu  it  under  great  pressure,  which  would  exert 
itself  in  the  same  direction.  Various  plans  were  suggested  for  meeting 
this  difficulty;  but  it  was  considered'that  as  time  would  not  permit  of  the 
preparation  of  any  bat  very  easily  constructed  apparatus,  it  would  be 
better  on  the  present  occasion  to  adopt  a  form  of  Water-Bottle  suggested 
by  the  Ilydrogrnpher  on  the  basis  of  the  cylindrical  copper  cases  used  for 
the  protection  of  deep  sea  thermometers,  these  having  been  found  to  bring 
up  specimens  of  water  whose  turbid  condition  left  no  doubt  that  it  had  come 
from  the  stratum  immediately  covering  the  soft  ocean-bottom.  The 
Water-Bottle  constructed  on  the  Uydrographer's  plan  is  a  simple  strong 
cylinder  of  brass,  26  inches  long,  and  2*3  inch  in  interior  diameter,  holding 
about  60  oz.  of  water.  In  the  disk  which  closes  it  in  at  each  end  there 
is  a  circular  aperture,  into  which  a  conical  valve  is  accurately  fitted. 
While  this  bottle  is  descending  through  the  water  with  the  Sound- 
ing-Apparatus,  the  valves  readily  yield  to  the  upward  pressure,  and 
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a  conUnuoiu  current  streams  through  it;  but  so  soon  as  the  descent 
is  checked,  either  by  the  arrival  of  the  apparatus  at  the  bottom,  or  by 
a  stop  put  on  the  line  from  above,  the  valves  fall  into  their  places,  and 
thus  enclose  the  water  that  may  fill  the  bottle  at  the  moment.  The  ex- 
Fig.  3. 


Water-Bottle  as  seen  at  A  externally,  and  at  B  in  section ;  drawn  to  a  scale  of  one-eighth 

the  actual  size. 

pansion  of  this  water  and  of  its  dissolved  gases,  as  the  bottle  is  brought 
to  the  surface,  causes  a  pressure  from  within,  which  lifts  the  upper  valve  so 
at  to  permit  the  escape  of  whatever  part  of  the  contents  of  the  bottle  may  be 
in  excess  of  its  capacity.  The  interior  of  the  bottle  was  coated  with  var* 
nish,  to  prevent  the  chemical  action  of  the  sea-water  upon  it. — ^The  work- 
ing of  this  very  simple  apparatus  was  found  to  be  entirely  satisfactory. 
Abundant  evidence  was  obtained  that,  when  it  descended  to  the  bottom, 
it  brought  up  bottom- water :  thus,  in  the  area  of  the  *'  Globigerina-mud," 
the  water  was  slightly  turbid,  and  deposited  after  a  time  a  fine  sediment 
(which  might  be  removed  by  filtration),  that  proved  to  consist  almost 
entirely  of  extremely  minute  GlobigerintB,  And  hence  it  may  be  fairly  in- 
ferred that  when  its  descent  was  checked  at  any  intermediate  point,  the 

VOL.  XVIII.  2  K 
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water  brought  up  in  it  would  be  derived  from  that  stratum.  AUhoogfa  it 
can  scarcelj  be  supposed  that  the  whole  amount  of  the  gases  diasdlT^  in 
the  very  deep  water  is  retained  when  the  superincumbent  pressure  is 
removed,  yet  it  may  be  inferred,  from  the  slight  excess  which  still  usuallj 
presented  itself,  that  the  very  deep  water  must  include  a  greater  propor- 
tion of  gases  than  that  taken  at  or  near  the  surface. 

20.  A  number  of  large  glass  bottles  were  provided,  for  bringing  home 
samples  of  Sea-water  taken  in  various  locaHties  and  at  different  depths ;  and 
of  these  Dr.  Frankland  kindly  undertook  to  make  careful  analyses,  which 
should  show  not  merely  the  proportions  of  its  Saline  constituents,  bat— 
what  has  recently  come  to  be  a  point  of  most  unexpected  interest  (§  23) 
— the  amount  of  Organic  matter  it  may  contain.  The  results  of  these 
analyses  are  stated  in  Appendix  II. 

21 .  But  the  determination  of  the  nature  and  proportions  of  the  dissolfed 
Gases  could  only  be  effected  by  immediate  analysis ;  and  it  was  considered 
by  the  Committee  that  it  would  be  expedient  to  attempt  this,  notwith- 
standing the  difficulties  which  might  be  expected  to  arise  from  the  motion 
of  the  vessel.  A  method  devised  by  Dr.  Miller,  as  most  suitable  to  the 
circumstances,  was  carried  into  practical  operation  by  Mr.  W.  L.  Carpenter, 
who  succeeded  in  working  this  apparatus  so  efficiently  during  the  First 
Cruise,  and  obtained  by  means  of  it  results  of  such  singular  interest,  that 
it  was  considered  desirable  that  the  same  system  should  be  followed 
throughout  the  Expedition.  This  work  was  therefore  committed  in  the 
Second  Cruise  to  the  charge  of  Mr.  Hunter,  Assistant  to  Prof.  Andrews  of 
Queen*s  College,  Belfast ;  and  it  was  carried  on  during  the  Third  Cruise 
by  Mr.  P.  Herbert  Carpenter,  according  to  the  instructions  he  had  received 
from  Mr.  Hunter,  whom  he  had  accompanied  in  the  Second  Cruise. — A 
general  statement  of  the  results  obtained,  which  on  the  whole  accorded 
well  with  each  other,  is  included  in  the  present  Report  (Appendix  I.) ;  par- 
ticulars of  the  method  employed,  with  details  of  the  analytical  results,  and 
a  fuller  discussion  of  their  rationale,  will  be  furnished  hereafter  by  'Mr. 
W.  L.  Carpenter. 

22.  The  accurate  working  of  a  Balance  on  board  a  ship  at  sea  being  ob- 
viously impracticable,  the  Specific  Gravity  of  every  specimen  of  Deep-set- 
water  brought  up  by  the  bottle  was  taken  by  Hydrometers  specially  con- 
structed to  indicate  it  within  the  required  range  to  four  places  of  decimals; 
and  this  was  compared  with  the  Specific  Gravity  of  Surface-water.  The 
determinations  obtained  by  this  method,  however,  of  which  the  results  are 
stated  in  Appendix  I.,  cannot  be  regarded  as  equal  in  accuracy  to  those  ob« 
tained  by  the  Balance ;  and  greater  reliance,  therefore,  is  to  be  placed  on  the 
Specific  Gravities  of  the  samples  analyzed  by  Dr.  Frankland  (Appendix  II.). 

23.  Further,  tests  devised  by  Dr.  Angus  Smith  to  determine  the  amount 
of  Organic  matter  (1)  in  a  non-decomposing,  and  probably  therefore  an  as^- 
milable  state,  and  (2)  in  a  state  of  decomposition,  were  frequently  applied ; 
with  the  remarkable  result  (Appendix  I.),  which  has  been  since  fully  con« 
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finned  by  the  elaborate  analyses  of  Dr.  Frankland  (Appendix  IL),  of  indi- 
cating the  nniyersal  presence  of  a  highly  Nitrogenous  substance,  such  as 
may  well  be  supposed  to  afford  a  direct  supply  of  nutritive  material  to  the 
Bbiaopodic  Fauna  {Sponges  and  Foramini/era,  with  Batkybius  ?)  of  the 
Ocean-bottom,  as  was  first  suggested  by  Prof.  Wyville  Thomson  in  his 
Memoir  on  Moltenia*. 

24.  For  the  management  of  the  Dredging-operations  two  Assistants  were 
appointed  on  the  recommendation  of  Mr.  Gwyn  Jeffreys,  under  whom 
both  of  them  had  previously  worked  :  Mr.  Laughrin  of  Polperro,  an  old 
Coastguard-man,  and  an  Associate  of  the  Linnean  Society,  for  dredging 
and  sifting ;  and  Mr.  fi.  S.  Dodd  for  picking  out,  cleaning,  and  storing  the 
specimens  collected.  Both  did  their  respective  shares  of  the  work  care- 
folly  and  zealously. 

25.  The  Sieves  were  constructed  under  the  direction  of  Mr.  Jeffreys. 
These  were  five  in  number,  and  were  "nested"  or  fitted  one  within  an- 
other, with  a  strong  handle  of  galvanized  iron  affixed  to  the  bottom  sieve 
on  each  side ;  so  that  the  dredged  material  might  pass  through  all  the 
sieres  at  the  same  time,  as  they  were  worked  in  a  large  tub  of  sea-water  on 
the  deck.  Their  frames  were  of  oak  ;  and  their  lining  was  of  copper 
wove-wire,  the  mesh  of  the  top  sieve  being  2  holes  to  an  inch,  that  of 
the  next  4  holes,  and  of  the  succeeding  sieves  8,  1 6,  and  32.  Each  sidve 
was  furnished  with  a  beading  round  the  inside  rim,  to  prevent  specimens 
remaining  under  the  edges  when  the  sieves  were  washed  after  each  dredging ; 
the  risk  of  intermixture  of  specimens  obtained  from  different  dredgings 
was  thus  avoided. 

26.  Two  other  kinds  of  Sieve  were  also  found  useftnl. — One  was  spherical, 
with  a  Ud  fastened  inside  by  bolts ;  its  frame  consisted  of  a  strong  net- 
work of  copper  ribs,  which  was  lined  with  very  fine  wire-gauze  of  the  same 
metal,  and  it  had  a  ring  through  which  a  line  would  pass.  Its  use  was 
to  sift  and  wash  away  in  the  sea  the  impalpable  mud  got  in  large  quanti- 
ties at  great  depths ;  so  as  to  leave  only  for  examination  all  organisms 
exceeding  in  size  l-36th  of  an  inch,  this  being  the  diameter  of  the 
mesh  in  the  wire-lining.  Some  of  the  residuum  or  strained  mud  was 
likewise  preserved,  af^er  sifting  the  material  in  the  usual  way.  This  con- 
trivance, which  we  called  the  "globe-sieve,"  saved  a  great  deal  of  the 
time  and  useless  labour  expended  in  washing  dredged  material  of  that 
viscid  kind  through  the  ordinary  sieves  in  a  tub  of  sea-water,  which  soon 
becomes  so  tnrbid,  that  unless  the  tub  is  continually  emptied  and  refilled 
it  is  extremely  difficult  (if  possible)  to  detect  any  specimens. — Another 
kind  of  sieve  had  a  similar  framework ;  but  the  body  was  semiglobose,  with 
an  open  fhnnel-shaped  neck.  It  was  fastened  to  a  long  pole,  and  served 
for  catching  Fteropods,  Salpat  and  other  animals  on  the  surface  of  the 

This  went  by  the  name  of  the  "  scoop-sieve." 
27*  An  ample  supply  of  spirit,  jars,  and  bottles  was  provided ;  and  the 

»  Philosophical  Transactions,  1869,  p.  801. 
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most  conyenient  storage-Toom  was  assigned  for  them  thai  the  unaU  liae  of 
the  Tcssel  permitted. 

28.  The  unexpected  amount  of  the  Collections  made  during  each  Croise» 
and  especiallj  during  the  Third,  put  all  these  resources  to  a  severe  test ; 
and  it  is  satisfactory  to  be  able  to  state  tliat  nothing  was  found  wanting 
which  could  not  be  supplied  at  the  ports  at  which  the  *  Porcupine*  put  in. 

29.  The  work  of  the  Expedition  was  distributed,  according  -to  the  plan 
originally  marked  out,  into  Three  Cruises :  the^r«^  of  which  was  under  the 
Scientific  charge  of  Mr.  Jeffreys,  who  was  accompanied  by  Mr.  W.  L.  Car- 
penter ;  the  second  under  the  Scientific  charge  of  Prof.  Wyviile  Thomson, 
who  was  accompanied  by  Mr.  Hunter ;  and  the  third  under  the  Scientific 
charge  of  Dr.  Carpeuter,  who  had  the  advantage  of  the  companionship  of 
Prof.  Wy ville  Thomson,  as  well  as  of  his  son  Mr.  P.  Herbert  Carpenter. — 
The  ground  assigned  to  the  First  and  Second  Cruises,  however,  was  some- 
what different  from  that  originally  proposed  (p.  399).  For  as  it  was  con- 
sidered that  the  exploration  of  the  *'  Porcupine  Bank,"  which  lies  about 
150  miles  to  the  west  of  Galway,  and  beyond  which  the  water  rapidly 
deepens  to  1500  fathoms,  would  be  likely  to  afford  results  of  great  valuer 
and  would  present  a  very  suitable  locality  for  ascertaining  to  what  depths 
Dredging  could  be  successfully  carried  down,  it  was  arranged  that  this 
exploration,  with  that  of  the  deep  channel  intervening  between  the  British 
plateau  and  **  Rockall  Bank"  should  be  the  work  of  the  First  Cruise ;  and 
that  in  the  Second  Cruise  this  exploration  should  be  carried  on  in  a  north- 
erly and  north-westerly  direction,  so  as  to  be  connected  with  the  work 
which  had  been  assigned  to  the  Third  Cruise,  viz.  the  more  thorough  and 
extended  exploration  of  the  region  traversed  in  the '  Lightning*  Expedition. 
— It  will  be  seen  hereafter  (§  40)  that  it  was  by  a  change  subsequently 
made  in  the  direction  of  the  Second  Cruise  that  the  most  remarkable 
achievement  in  the  whole  Expedition  was  rendered  possible. 


NARRATIVE. 

First  Cruise.     (Chart,  Plate  4.) 

30.  The  First  Cruise  of  H.M.S.  'Porcupine'  commenced  on  the  18th 
of  May,  and  ended  on  the  13th  of  July.  It  comprised  the  Atlantic 
coasts  of  Ireland,  from  the  Skelligs  to  Rockall  (a  distance  of  about  G|^ 
or  450  miles).  Loughs  S willy  and  Foyle  on  the  north  coast,  and  the 
North  Channel  on  the  way  to  Belfast.  The  first  dredging  was  made  on 
our  way  round  from  Woolwich  to  Galway,  on  the  24th  of  May,  about 
forty  miles  off  Valentia,  in  1 10  fathoms  ;  bottom  sandy,  with  a  little  mud. 
The  Fauna  was  mostly  Northern ;  and  the  following  are  the  more  remark- 
able species  then  procured: — Mollusca:  Ostrea  cochlear^  Nectra  ros^ 
trata,    Verticordia  abysncola,  Bentalium  ahyuorum^   Aporrhau  Serre^ 
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noMU,  Bueeinum  Humphreyeianvmy  Murex  imbricattts,  Pleurotoma  cart- 
naiOt  and  Cavolina  trispinosa. — Echinodermata  :  Echinus  elegana^  Ci^ 
darts  papillatOt  and  Spatangue  Raschi. — Actinozoa:  Caryophyllia 
Smithii,  Tar.  horeaUa,  Of  these,  Ostrea  cochlear,  Aporrhdis  Serresianue, 
and  Murex  imbricatue  are  Mediterranean  species ;  and  Troehua  granu- 
latua  also  imparted  somewhat  of  a  Southern  character,  althongh  that 
species  was  afterwards  found  living  in  the  Shetland  district.  Ostrea 
cochlear  is  a  small  deep-water  species  of  Oyster,  and  is  one  of  the  shells 
which  M.  Alphonse  Milne-Edwards  noticed  adhering  to  the  Telegraph- 
Cable  between  Sardinia  and  Algiers,  at  a  depth  of  about  1100  fathoms 
(see  'Lightning  Report,'  p.  182) ;  but  it  has  been  found  (by  Mr.  Gwyn 
Jeffreys)  attached  to  the  columns  of  the  Temple  of  Jupiter  Serapis  at 
Pozznoli  near  Naples,  which  are  reputed  not  to  have  been  submerged  to 
any  considerable  depth.  The  above  results  of  this  dredging  will  give  a  fair 
idea  of  the  Fauna  inhabiting  the  100-fathom  line  on  the  West  coast  of 
Ireland. 

3 1 .  After  coaling  at  Ghtl way  we  steamed  southward,  and  (the  weather  being 
Tery  coarse  and  unpromising)  we  dredged  in  Dingle  Bay  at  a  depth  of  from 
30  to  40  fathoms ;  bottom  rocky  and  muddy.  As  before,  in  comparatively 
■hallow  water,  we  had  two  dredges  out,  one  at  the  bow  and  the  other  at  the 
stem ;  as  had  been  previously  the  practice  of  Mr.  Jeffreys  in  his  own 
yacht,  when  dredging  at  from  20  to  200  fathoms'  depth.  In  Dingle  Bay 
the  dredges  several  times  caught  in  rocks  or  large  stones,  but  were  saved 
by  the  usual  yam-stops,  and  by  the  extraordinary  strength  of  the  2-inch 
Chatham  rope  which  was  used.  On  one  occasion,  when  the  dredge  was 
fast,  the  vessel,  which  is  nearly  400  tons'  burden,  was  pulled  round 
and  swung  by  the  rope,  as  firmly  as  if  she  were  at  anchor  and  moored  by 
a  chain-cable.  Here,  again,  the  Mollusca  were  mostly  Northern  : — Sipho' 
nodentalium  Lo/otense,  Chiton  JIanieyi,  Tectura  fulva,  Odostomia  clavula, 
Trophon  truncatus,  and  Cylichna  nitidula  fall  within  this  category; 
while  Eulima  subulata,  Trophon  muricaius,  Pleurotoma  attenuata,  and 
Philine  catena  may  be  reckoned  Southern  species.  But  the  most  re- 
markable shell  obtained  in  this  dredging  was  Montacuta  Dawsoni,  a 
species  which  had  been  described  and  figured  by  Mr.  Jeffreys,  from 
specimens  found  by  Mr.  Robert  Dawson  in  the  Moray  Firth.  Of  this 
species  specimens  were  subsequently  detected  by  Mr.  Jeffreys  in  the  Koyal 
Museum  at  Copenhagen,  in  the  collection  of  Greenland  shells  made  by 
the  late  Dr.  H.  P.  C.  Moller,  as  well  as  in  Professor  Torell's  collection  of 
Spitsbergen  shells  at  Lund.  The  species  had  been  briefly  described  and  no- 
ticed by  Dr.  Moller  in  the  addenda  to  his  '  Index  Molluscorum  Grocnlandiae,' 
as  a  "  Testa  bivalvis  ;"  but  he  did  not  give  it  any  other  name.  The  size 
of  the  Greenland  and  Spitzbergen  specimens  is  considerably  greater  than 
that  of  British  specimens ;  thus  adding  another  to  the  numerous  cases 
of  a  similar  kind  which  have  from  time  to  time  been  adduced  by  Mr. 
Jeffreys  as  justifying  his  statement  that  of  those  species  of  Mollusca 
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which  are  common  to  Northern  and  Sonthem  latitudes,  and  ubich  in* 
hahit  the  same  hathymetrical  zone,  the  Northern  are  nsnallj  larger  than 
the  Southern  specimens.  It  may  perhaps  be  a  not  nnfair  infefcnoe  that 
the  origin  of  such  species  is  Northern,  and  that  they  dwindle  and  beeome 
depauperated  in  proportion  to  the  distance  to  which  they  have  migrated 
or  been  transported  from  their  ancestral  homes. 

32.  The  next  week  was  occupied  in  sounding  and  dredging  off  Yalentia 
and  on  the  way  toGalway,  at  depths  varying  from  85  to  808  fathoms  (Stations 
2  to  7).  The  Fauna  throughout  was  Northern ;  and  sereral  interesting  acqui- 
sitions were  made  in  all  departments  of  the  Invertebrata.  Among  these 
may  be  mentioned  : — Mollusca:  Nucula  pumila  (Norway),  Ledajrigida 
(Spitzbergen  and  Finmark),  Vertieordia  aiyssicola  (Finmark),  Sipkonodem' 
talium  quinquangulare  (Norway  and  Mediterranean),  and  an  nndescribcd 
species  of  FumSy  allied  to  F.  Sabini. — Echinodermata  :  the  remark- 
able Brisinga  endecaenemos,  hitherto  only  known  as  a  Northern  form. — 
AcTiNozoA  :  Flahellum  laciniatum,  £dw.  and  J.  Haime=:  Uloeyaiktu  are^ 
ticu8,  Sars  (Norway  and  Shetland,  as  well  as  a  Sicilian  fossil),  of  which  rare 
and  delicate  coral  unusually  perfect  specimens  were  obtained.  That  fine 
Shetland  Sponge  Pkakellia  ventilabrum  was  also  met  with  thns  far  south, 
in  90  fathoms.  Many  of  the  most  marked  types  of  the  deep-water  Crus- 
tacea of  the  Shetland  sea  were  here  dredged ;  while  in  company  with 
tliese  were  Gonoplax  rhotnbo'ides,  Fab.,  a  well-known  Mediterranean  species, 
an  undescribed  and  very  fine  Ebalia,  a  new  species  of  the  Mediterranean 
genus  EthusQt  together  with  numerous  Mgsidea,  Cumacea,  and  Amphipoda 
new  to  our  Fauna.  Cyprinididce  also  were  abundant  on  this  ground. 
The  808  fathoms'  dredging  was  then  a  novelty,  being  (as  we  helieved) 
the  greatest  depth  ever  explored  in  that  way.  The  length  of  rope 
paid  out  was  1110  fathoms,  and  the  time  occupied  in  hauling  in  was 
fifty-five  minutes.  The  same  proportionate  time  was  observed  iii  other 
dredgings  during  this  cruise,  viz.  five  minutes  for  every  100  fathoms  of 
ro])e.  The  dredge  contained  about  two  hundredweight  of  soft  and  sticky 
mud,  in  appearance  resembling  *'  China  clay."  The  animals  brought  up 
on  this  occasion  were  quite  lively.  More  than  one  specimen  was  exa- 
mined of  a  small  Gastropod  (described  and  figured  by  Mr.  Jeffreys  as 
Lacuna  tenella),  which  had  very  conspicuous  eyes.  There  was  also  a  yoimg 
and  active  specimen  of  the  large  Norwegian  Crab,  Geryon  trideus,  Kroyer, 
which  is  very  rare  in  the  Scandmavian  seas,  land  was  the  only  North 
European  Brachjuran  which  had  not  as  yet  been  found  in  British  waters. 
— ^^Ve  had  here,  for  the  first  time,  an  opportunity  of  comparing  the  tem- 
peratures indicated  by  Dr.  Miller's  "  protected  "  Thermometers,  and  those 
of  the  ordinary  construction,  at  a  considerable  depth.  The  minimum  re- 
corded by  one  of  the  former  was  41°'4,  whilst  that  recorded  by  one  of  the 
best  ordinary  thermometers  was  45°' 2.  As  this  difference  of  3***8  was 
almost  exactly  what  the  results  of  the  experiments  previously  made  had 
indicated  as  the  effect  of  a  pressure  amounting  to  one  ion  on  the  square  inch 
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(the  presBore  of  a  oohimn  of  sea-water  at  800  fathomi'  depth),  this  close 
eniicideDce  gave  tu  a  feeling  of  great  confidence  in  the  practical  working  of 
the  **  protected  "  instroment. 

3S.  We  next  applied  ourselyes  to  the  examination  of  the  sea-bed  between 
Galway  and  the  Porcupine  Bank,  as  well  as  beyond  the  Bank,  at  depths  ran- 
ging from  85  to  1230  fathoms  (Stations  10  to  17).  All  the  MoUusca  were 
Northern,  except  AporrhaU  Serresianue ;  and  even  that  we  are  now  inclined 
to  consider  identical  with  A,  Macandrete,  which  inhabits  the  coasts  of  Nor- 
way and  Shetland,  the  latter  appearing  to  be  a  dwarf  variety  or  form.  The 
more  remarkable  species  were,  among  Mollusca,  Limopsis  aurita  (a  well- 
known  tertiary  fossil),  Area  glacialisy  Ferticordia  abynicola,  Denttdium 
mbysMorum,  Troehue  cinereus^  Funu  despectus,  F.  Islandicus,  F.  fente^ 
irutuM^  and  Oolumbella  haliaeii  (a  tertiary  fossil) ;  among  Echino- 
OSRMATA,  Cidaris  papillata  and  Echinits  Norvegicus;  and  the  fine 
branching  Coral  Lophohelia  prolifera.  In  the  deepest  dredging  made  in 
this  part  of  the  cruise  (Station  17>  1230  fathoms),  in  which  the  minimum 
temperature  (shown  by  subsequent  inquiry  to  be  that  of  the  bottom)  was 
37^*8»  there  occurred  several  new  species  and  two  new  genera  of  the  Area 
fiunily,  I^rochus  minutiaaimus  of  Mighels  (a  North-American  species) 
having  two  conspicuous  eyes,  a  species  of  Ampelisea  (Crustacean)  with 
the  usual  number  of  four  eyes,  comparatively  gigantic  Foraminifera,  and 
siliceous  Polycyatina.  The  Foraminifera  obtained  in  these  and  previous 
dredgings  in  deep  water  were  of  great  interest.  A  large  proportion  of 
them  belonged  to  the  Arenaceous  group,  in  which  the  calcareous  shell  is 
replaced  by  a  *'  test  '*  formed|of  agglutinated  sand-grains  ;  and  of  this 
group  a  large  number  of  new  types  presented  themselves,  many  of  them 
very  remarkable  both  for  size  and  complexity  of  structure.  The  MiliO' 
HmeSf  as  in  the  '  Lightning '  dredgings  in  the  Warm  area,  were  of  exceed- 
mg^y  large  size ;  and  the  Cristellarians  were  both  large  and  varied  in  form, 
their  axis  of  growth  presenting  every  gradation  from  the  rectilineal  to  the 
spiral.  An  enormous  Fish  (Mala  nasus),  which  is  not  uncommon  on  the 
coasts  of  Upper  Norway,  was  slowly  swimming  or  floatiDg  on  the  sur- 
fiice  of  the  sea ;  but  we  did  not  succeed  in  capturing  it,  for  want  of  a 
harpoon. 

34.  We  then  put  into  Killibegs^  Co.  Donegal,  and  coaled  there  for  our 
trip  to  Rockall,  which  is  an  isolated  and  conical  rock,  standing  out  of  the 
Atlantic  in  Lat.  b?""  35',  and  Long.  13"^  41',  at  least  200  miles  from  the 
nearest  land.  In  anticipation  of  this  trip  requiring  a  clear  fortnight, 
ooals  were  stacked  on  the  deck,  in  addition  to  the  usual  stowage  in  the 
bunkers,  so  as  to  provide  a  sufficient  supply.  Some  delay  was  caused  by 
the  non-arrival  of  a  proper  galvanometer  to  work  Mr.  Siemens's  electro- 
thermometric  apparatus,  which  we  were  anxious  again  to  try. — We  left 
Donegal  Bay  on  the  27th  of  June,  and  returned  to  the  mainland  on  the 
9th  of  July,  after  dredging  during  seven  days  at  depths  exceeding  1200 
fathoms,  and  on  four  other  days  at  less  depths.    The  greatest  depth 
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reached  was  1476  fathoms  (Station  21).  In  this  last-mentioned  dxedf^g 
we  got  several  living  Mollusca  and  other  animals,  a  stalk-eyed  CruMiaceam 
with  two  prominent  and  unusually  large  eyes»  and  a  Holoikuri&H  of  a  lilac 
colour.  The  bottom  at  the  greater  depths  consisted  of  a  fine  dayey  mud, 
which  varied  in  colour  (in  some  cases  being  brownish,  in  others  yellow, 
cream-colour,  or  drab,  and  occasionally  greyish),  and  invariably  having  a 
greater  or  less  admixture  of  pebbles,  gravel,  and  sand.  The  upper  layer 
formed  a  flocculent  mass,  which  appeared  to  be  animal  matter  in  a  state 
of  partial  decomposition.  This  was  in  all  probability  derived  from  the 
countless  multitude  of  Salpa,  oceanic  Hydrosoa^  Ptercpodt,  and  other 
gelatinous  animals,  which  literally  covered  the  surface  of  the  sea  and  filled 
our  to  wing-net  directly  it  was  dipped  overboard,  and  of  which  the  remains 
must  fall  to  the  bottom  after  death.  Such  organisms  doubtless  afford  a 
vast  store  of  nutriment  to  the  inhabitants  of  the  deep. 

35.  Dredging  in  such  deep  water  is  not  accomplished  without  difficnltj. 
The  dredge  must  be  unusually  heavy,  to  overcome  the  resistance  to  its  sink- 
ing occasioned  by  the  friction  of  the  immense  length  of  dredge-Une  paid  oat ; 
and  when  it  reaches  the  bottom,  it  sinks  by  its  own  weight  into  the  mudi 
like  an  anchor.  This  would  give  only  the  same  result  as  the  cup-lead 
or  any  sounding-machine,  but  on  a  larger  scale  ;  and  it  would  tell  us  veiy 
little  about  the  Fauna.  Further,  if  by  the  drift-way  of  the  vessel,  or  by  a 
few  turns  of  the  engine  now  and  then,  we  arc  enabled  to  scrape  the  surface 
of  the  sea-bed,  the  dredge  gets  choked  up  with  the  flocculent  mass  above 
described.  The  fertile  ingenuity  of  our  experienced  and  excellent  Com- 
mander devised  a  method  which  was  a  great  improvement  in  deep-sea 
dredging,  and  which  enabled  us  to  obtain  at  least  a  sample  of  the  sub- 
stratum. This  consisted  in  attaching  to  the  rope  two  iron  weights,  each 
of  100  lbs.,  at  a  distance  of  .500  or  400  fathoms  from  the  dredge  (when 
the  depth  exceeded  1200  fathoms),  so  as  to  dredge  from  the  weights 
instead  of  from  the  ship  ;  the  angle  thus  made  caused  the  blade  of  the 
dredge  to  lie  in  its  proper  position.  This  method,  iu  fact,  reduced  the 
working  depth,  by  the  distance  of  these  weights  from  the  vessel,  to  the 
easy  and  manageable  limit  of  300  or  400  fathoms.  Another  contrivance 
was  to  fasten  the  bag  to  the  dredge  in  such  a  way  that  when  it  was  hauled 
in,  it  could  be  unlaced,  emptied,  and  afterwards  washed  quite  clean.  By 
this  mode  we  were  assured  that  the  specimens  really  came  from  the  place 
where  each  dredging  was  made.  We  tried  on  this  and  other  occasions  a 
contrivance  devised  by  Mr.  Easton,  the  eminent  engineer,  consisting  of 
gutta-percha  valves  closing  inwards  in  a  wedge-Iikc  form,  which  were  fitted 
to  the  mouth  of  the  dredge.  The  object  was  to  retain  the  contents  of  the 
dredge  while  it  was  being  hauled  in ;  as  wc  had  found  by  frequent  and  dis- 
appointing experience  that  a  large  portion  of  the  contents  generally  escape 
through  the  mouth  during  this  part  of  the  dredging  operation.  This 
contrivance,  though  theoretically  admirable,  was  found  not  to  answer  in 
practice,  because  the  mouth  of  the  dredge  was  so  closed  by  the  valves  that 
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it  had  no  contents  to  be  retained.    The  principle,  howeyer,  seems  so  good, 
that  we  should  hope  it  may  be  more  successfully  applied. 

36.  The  very  deep  dredgings  in  this  trip  yielded  an  abundance  of  novel 
and  most  interesting  results  in  every  division  of  Invertebrata.  Among  the 
Mollusc  A  were  valves  of  an  imperforate  Brachiopod,  with  a  septum  in  the 
lower  valve,  which  we  propose  to  name  Atretia  gnomon.  Some  shells 
were  of  a  considerable  size  ;  and  the  fry  of  Isocardia  cor  {Kelliella  abyssi- 
eola,  Sars)  were  not  uncommon.  Among  the  Crustacea  there  were 
new  species  of  Cumacea ;  a  beautiful  Amphipod  of  a  bright  red  colour, 
with  feathery  processes  of  a  golden  colour  at  the  tail ;  with  a  considerable 
variety  of  Isopoda,  Phyllopoda,  and  Ostracoda,  among  them  several  forms 
apparently  new.  There  was  also  a  magnificent  Annelid,  of  a  purplish  hue, 
with  parplish-brown  spots  on  the  line  of  segmentation.  Two  or  three  young 
specimens  were  here  obtained,  at  a  depth  of  1215  fathoms  (Station  28),  of  a 
most  interesting  Clypetutroidy  of  which  a  mature  example  was  afterwards 
dredged  in  the  Third  Cruise  (^^77).  These  were  at  once  recognized  as  be- 
longing to  an  entirely  new  type ;  but  since  our  return  we  find  that  a  form, 
generically  if  not  specifically  the  same,  had  been  obtained  by  Count 
Poortales  during  his  last  dredgings  in  the  Gulf  of  Mexico,  and  had 
been  described  by  Prof.  Alex.  Agassiz  under  the  name  Pourtalesia  mi" 
randa.  This  type  is  of  extraordinary  interest  from  its  being  the  living  re- 
presentative of  a  very  singular  little  group  of  XheAnanchytidce  (including  the 
genus  Infulaster,  D'Orb.,  to  which  it  seems  most  closely  allied),  which 
are  specially  characteristic  of  the  newer  Chalk.  In  the  1443  fathoms'  dredg- 
ing (Station  20)  a  Holothurian  was  obtained  5  inches  long  and  2\  inches  in 
circumference.  Several  very  fine  Corals  were  obtained  during  the  Rockall 
trip ;  among  them  magnificent  examples  of  Lophohelia  prolifera  and 
Caryophyllia  Smithii,  The  Foramini/era,  as  before,  were  remarkable  for 
their  size,  the  same  types  being  generally  predominant.  But  specimens 
were  here  obtained  for  the  first  time  of  a  peculiarly  interesting  Orbitolite, 
a  type  not  hitherto  discovered  further  north  than  the  Mediterranean,  and 
there  attaining  a  comparatively  small  size.  Perfect  specimens  of  this  Orbi- 
tolite must  have  a  diameter  of  a  sixpence;  but  owing  to  its  extreme 
tenuity,  and  to  the  facility  with  which  the  rings  separate  from  each  other, 
no  large  specimens  were  obtained  unbroken,  though  it  was  evident  that 
their  fracture  had  taken  place  in  the  process  of  collection.  No  greater 
proof  can  be  adduced  of  the  extreme  stillness  of  the  bottom  at  great 
depths,  than  is  afforded  by  the  extraordinary  delicacy  of  these  disks,  which 
are  so  fragile  as  to  be  with  difficulty  mounted  for  observation.  Their  plan 
of  growth  corresponds  with  that  of  the  **  simple  type"  of  this  genus,  all 
the  "  chamberlets  "  being  on  the  same  plane ;  but  the  form  of  the  cham- 
berlets  corresponds  with  that  of  the  chamberlets  of  the  superficial  layers 
of  the  **  complex  type"  *.     It  is  a  fact  of  peculiar  significance  that  instead 

*  See  Dr.  Carpenter's  "  Researches  on  the  Foramini/era"  Part  I.,  in  the  Philosophical 
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of  oommencmg  with  a  ''emtial''  and  "ciMUBniiiifaBt''  Aambti^  Eke 
ordinary  Orbitolites,  this  tjpe  eommeiiOM  with  a  fpwv  of  nvml  tuiH^ 
precisely  like  that  of  a  yomig  Cmituipira,  thna  ahowing  the  ftndaiMnlal 
conformity  of  this  eycUeal  type  to  the  ^gpmd  plan  of  growthd — Tba 
animals,  especially  MoUtuoa,  were  by  no  means  UtsIj  whan  broag^t  on 
board  and  examined;  perhaps  this  was  owing  to  tha  great  diange  of 
temperature  (sometimes  as  much  as  20^)  between  that  of  tha  seabed  and 
that  of  the  atmosphere. 

37.  A  yery  elaborate  Series  of  Temperatnie-soondingi  waa  made  in  tlie 
deepest  parts  of  the  sea  traversed  between  the  N.W*  of  Irdand  and  BockaU 
Bank,  so  as  to  enable  us  to  detennine  the  rate  of  diminntioQ  of  tempentnie 
with  increase  of  depth  (see  Table»  p.  465).  Thus  at  Station  19»  at  wfaieh 
the  depth  was  1 360  fathoms,  the  temperatures  were  taken  at  250,  500,  750^ 
1000,  and  1360  fathoms,  and  showed  a  progressiTO  though  bj  no  means 
uniform  descent  to  the  sttJitmtMi  recorded,  which  was  37^4 ;  the  most  lipid. 
change  was  between  500  and  750  fathoms.  A  similar  Serieii,  taken  at  Statioa 
20,  where  the  depth  was  1443  fathoms  and  the  bottom-tempeimtnreS7^*0U 
and  a  third  taken  at  Station  21,  where  the  depth  was  1476  tdhmn,  and  the 
bottom-temperature  36^9,  showed  a  very  dose  accordance  with  each  oCh« 
and  with  the  preceding.  In  another  Series  taken  at  Station  22  in  1263  fii- 
thoms,  a  careful  comparison  was  made  between  the  temperatures  recorded  by 
two  ''protected"  thermometers  and  ma?  ordinary  thermometers ;  and  the 
average  error  of  these,  which  was  very  nearly  6°  at  the  greatest  depth,  cor- 
responded very  closely  with  that  indicated  by  the  previous  experiments  at 
pressures  answering  to  the  several  depths  at  which  the  observations  were 
made.— The  curious  observation  was  made  at  Station  23,  very  near  the 
Rockall  Bank,  that  whilst  the  minimum  indicated  was  43^*4  at  a  depth  of 
630  fathoms,  the  maximum  index  of  both  thermometers  had  risen  to  74^*8, 
or  more  than  1 7^  above  the  surface-temperature.  As  in  no  other  instance  had 
any  temperature  been  indicated  higher  than  that  of  the  surface,  it  seemed 
clear  that  a  warm  submarine  spring  must  discharge  itself  in  this  locality. 
Circumstances  prevented  us,  however,  from  ascertaining  any  further  par- 
ticulars in  regard  to  it. 

38.  While  we  lay-to  within  a  quarter  of  a  mile  from  Rockall  on  the  even- 
ing of  Saturday  the  3rd  of  July,  fishing-parties  were  formed,  and  continued 
their  sport  imtil  midnight.  The  rock  was  inhabited  by  a  multitude  of 
sea-fowl ;  and  a  large  gannet  perched  on  the  highest  pinnacle,  looking 
Uke  a  sentinel  or  the  president  of  the  feathered  republic. 

39.  At  a  distance  of  from  130  to  140  miles  from  the  nearest  part  of  the 
Irish  coast  we  observed  quantities  of  floating  Seaweed  (mostly  FueuM  Mr* 
ratus),  and  the  feathers  of  sea-fowl  covered  with  Lepas  /ateieulans  and 
occasionally  L.  sulcata ;  and  on  the  seaweed  were  also  two  kinds  of  sessile- 
Transactions  for  1855,  p.  193  et  seq, ;  and  his  ''  Introduction  to  the  Stndj  of  the  JPorc- 

miniferaf"  p.  106  et  ieq. 
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eyed  Crottaeeaiui.  The  wi^d  having  heen  preyioosly  easterly,  it  is  difficult 
to  say  what  share  the  wind  or  tide  had  in  the  drift ;  but  it  could  scarcely 
haye  been  caused  by  any  circulation  from  the  equator.  The  Fauna  nowhere 
showed  the  least  trace  of  that  wonderful  and  apparently  restricted  current 
known  as  the  Gulf-stream.  The  beautiful  Pteropod  Clio  pyramidata 
flitted  about  in  considerable  numbers ;  a  delicate  Cuttlefish  {Leachia  ellip^ 
soptera)^  which  is  supposed  to  prey  on  Salpa,  was  caught  in  the  scoop- 
sieye,  as  well  as  several  specimens  of  a  small  and  very  slender  SyngnathttM 
or  pipefish.  On  our  homeward  passage  we  experienced  severe  weather,  in 
which  our  vessel  sustained  some  injury  from  the  heavy  cross  seas  which 
struck  her.  After  putting  into  Killibegs  we  dredged  in  Lough  Swilly, 
Lough  Foyle,  and  the  North  Channel  on  the  way  to  Belfast,  where  we 
arrived  on  the  13th  of  July. 


Second  Cruise.     (Chart,  Plate  5.) 

40.  As  already  stated,  it  was  the  original  intention  to  devote  the  Second 
Cruise  to  the  exploration  of  an  area  to  the  west  of  the  outer  Hebrides, 
between  Bockall  and  the  south-western  limit  of  last  year's  work  in  the 
'Lightning.'  During  the  First  Cruise,  however,  dredging  had  been 
carried  down  successfully  to  a  depth  of  nearly  1500  fathoms;  and  the 
result  so  far  realized  our  anticipations,  and  confirmed  the  experience  of  last 
year.  The  conditions  (to  that  great  depth  at  all  events)  were  consistent 
with  the  life  of  all  the  types  of  Marine  In  vertebra  ta ;  though  undoubtedly 
in  very  deep  water  the  number  of  species  procured  of  the  higher  groups 
was  greatly  reduced,  and  in  many  cases  the  individuals  appeared  to  be 
dwarfed.  From  these  observations  (which  thoroughly  corroborated  those 
of  Dr.  Wallich  and  others,  about  which  there  had  been  some  difference  of 
opinion  on  account  of  the  imperfection  of  the  appliances  at  the  command 
of  the  observers),  we  concluded  that  probably  in  no  part  of  the  ocean  were 
the  conditions  so  altered  by  Depth  as  to  preclude  the  existence  of  Animal 
Life, — that  Life  had  no  Bathymctrical  limit.  Still  we  could  not  consider  the 
question  thoroughly  settled  ;  and  when,  upon  consultation  with  Captain 
Calver,  we  found  him  perfectly  ready  to  attempt  any  depth,  and  from  his 
previous  experience  sanguine  of  success,  we  determined  to  apply  to  the 
Hydrographer  to  sanction  an  attempt  to  dredge  in  the  deepest  soundings 
within  our  reach,  viz.  2500  fathoms  indicated  on  the  chart  250  miles  west 
of  Ushant.  The  deepest  reliable  soundings  do  not  go  much  beyond  3000 
fathoms ;  and  we  felt  that  if  we  could  establish  the  existence  of  Life,  and  if 
we  could  determine  the  conditions  with  accuracy  down  to  2500  fathoms, 
the  general  question  would  be  virtually  solved  for  all  depths  of  the  ocean, 
and  any  further  investigation  of  its  deeper  abysses  would  be  mere  matter 
of  curiosity  and  of  detail.  The  Hydrographer  cordially  acquiesced  in  this 
change  of  plan ;  and  on  the  1 7th  of  July  the  *  Porcupine '  left  Belfast 
under  the  scientific  direction  of  Professor  Wyville  Thomson ;  Mr.  Hunter, 
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F.C.S.,  Chemical  Assistant  in  Queens  College  Belfast,  takmg  diaige  of 

the  examination  and  analysis  of  the  sea-water. 

4 1 .  The  weather  was  very  settled.  On  the  Sunday,  as  we  iteamed  down  the 
Irish  Channel,  there  was  nearly  a  dead  calm,  a  slight  mist  hanging  orer  the 
water,  and  giving  some  very  beautiful  effects  of  coast  scenery.  On  the 
evening  of  Sunday  the  Idth  we  anchored  for  the  night  off  Ballyoottin,  a 
pretty  little  port  about  fifteen  miles  from  Queenstown,  and  dropped  round 
to  Queenstown  on  Monday  morning,  where  we  anchored  off  Hanlbowline 
Island  at  7  a.m.  At  Queenstown  Mr.  P.  Herbert  Carpenter  joined  Mr. 
Hunter  in  the  laboratory,  to  practise  under  his  direction  the  gas-analysis; 
which  it  had  been  arranged  that  he  should  undertake  during  the  Tliird 
Cruise.  Monday  the  18th  was  employed  in  coaling  and  procuring  in  Cork 
some  things  which  were  required  for  the  chemical  department ;  and  at 

7  P.M.  we  cast  off  from  the  wharf  at  Haulbowline  and  proceeded  on  our 
voyage. 

42.  During  Monday  night  we  steamed  in  a  south-westerly  direction  across 
the  mouth  of  the  Channel.  On  Tuesday  we  dredged  in  74  and  75  fathoms 
on  the  plateau  which  extends  between  Cape  Clear  and  Ushant,  on  a  bottom 
of  mud  and  gravel  with  dead  shelb  and  a  few  living  examples  of  the 
generally  diffused  species  of  moderate  depths.  The  weather  was  remark- 
ably fine,  the  barometer  30*25  in.,  and  the  temperature  of  the  air  72^'5. 

43.  On  Wednesday,  July  21st,  we  continued  our  south-westerly  course, 
the  chart  indicating  during  the  earlier  part  of  the  day  that  we  were  still  in 
the  shallow  water  of  the  plateau  of  the  Channel.  At  4.30  a.m.  we  dredged 
gravel  and  dead  shells  in  95  fathoms,  but  towards  mid-day  the  lead  gave  a 
much  greater  depth  ;  and  in  the  afternoon,  raj)idly  passing  over  the  edge  of 
the  plateau,  we  dredged  in  725  fathoms  with  a  bottom  of  muddy  sand 
(Station  36).  This  is  about  the  bathymetrical  horizon  at  which  we  find 
the  Vitreous  Sponges  in  the  northern  area  ;  and  although  the  bottom  is  here 
very  different,  much  more  sandy  with  but  a  slight  admixture  of  Glohigerina 
ooze,  we  dredged  a  tolerably  perfect,  though  dead,  specimen  of  Aphra- 
caflistes  Bocagei,  a  vitreous  sponge  lately  described  by  Dr.  E.  Perceval 
Wright  from  a  specimen  procured  by  Professor  Barboza  du  Bocage  from 
the  Cape- Verde  Islands,  and  one  or  two  small  specimens  of  Holtenia 
Carpenteru  The  muddy  sand  contained  a  considerable  proportion  of  gravel 
and  dead  shells. 

44 .  On  Thursday,  July  22nd,  the  weather  was  still  remarkably  fine.  The 
sea  was  moderate,  with  a  slight  swell  from  the  north-west.  We  sounded 
in  lat.  4  r  38'  N.,  long.  1 2°  08'  W.,  in  a  depth  of  2435  fathoms  (Station  37). 
The  Sounding-line  used  on  this  occasion  was  medium  No.  2,  of  the  best 
Italian  hemp,  the  No.  of  threads  18,  the  weight  per  100  fathoms  12  lbs, 

8  oz.,  the  circumference  0*8  inch,  and  the  breaking-strain,  dry,  1402  lbs., 
soaked  a  day,  121 1  lbs. ;  and  the  *  Hydra'  sounding-instrument  was  weighted 
with  33G  lbs.  The  weight  attached  to  the  sounding-apparatus  is  of  course 
allowed  to  descend  quite  freely  without  any  check,  but  its  velocity  is 
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gradoallj  and  uniformlj  reduced  during  its  descent  by  the  increasing 
friction  of  the  lengthening  line.  The  uniformity  of  this  retardation  gives 
an  infallible  test  of  the  success  of  the  sounding,  and  a  certain  indication  of 
the  moment  "when  the  weight  reaches  the  bottom.  The  latter  was,  how- 
eyer,  valuable  only  for  corroboration,  as  even  at  these  enormous  depths 
the  shock  of  the  arrest  of  the  weight  on  the  bottom,  nearly  three  miles 
down,  was  distinctly  perceptible  to  the  skilled  hand  of  our  Commander. 
As  the  scientific  value  of  our  results  depends  upon  the  certainty  of  the  de- 
termination of  the  depths,  we  subjoin  a  Table  of  the  absolute  rate  of  the  de- 
scent of  the  weight  in  this  sounding, — probably  the  deepest  hitherto  made 
which  is  thoroughly  rcHable,  having  been  taken  with  the  most  perfect 
appliances,  and  with  consummate  skill. 


Fathomfl. 

Time. 

Interval. 

FathoniB. 

Time. 

InterraL 

h  m  8 

m  8 

1 

1 

h  m  8 

m  8 

o 

2  44  20 

1300 

58  5 

I  23 

ICX> 

45  5 

45 

1400 

2  59  37 

I  32 

200 

45  45 

40 

1500 

3  1  9 

»  3» 

300 

46  30 

45 

i   1600 

2  42 

1  33 

400 

47  »5 

55 

1700 

4  '9 

1  37 

500 

48  15 

50 

i8co 

6  6 

I  47 

600 

49  15 

I  0 

j   1900 

7  53 

I  47 

700 

50  24 

I  9 

i   2000 

9  40 

»  47 

800 

51  23 

59 

2100 

II  29 

I  49 

900 

5»  45 

I  22 

2200 

13  24 

I  55 

1000 

54  0 

»  '5 

2300 

15  23 

«  59 

IIOO 

55  " 

I  21 

2400 

17  15 

I  5» 

1200 

56  42 

I  21 

*435 

17  55 

40 

The  whole  time  occupied  in  descent  was  33  minutes  35  seconds ;  and  in 
heaving  up  2  hours  2  minutes.  The  cylinder  of  the  sounding-apparatus 
came  up  filled  with  fine  grey  Atlantic  ooze,  containing  a  considerable  pro- 
portion of  fresh  shells  of  Globigerina.  The  two  Miller-Casella  thermometers, 
Nos.  100  and  103,  attached  as  usual  to  the  line  above  the  sounding-instru- 
ment, registered  a  minimum  temperature  of  36°-5  F.  (2°*5  C). 

45.  A  Dredge  was  sent  down  at  5.45  p.m.  ;  and  as  this  was  the  deepest 
haul,  the  one  which  tested  our  resources  most  fully,  and  which  seemed  to 
us  to  prove  that  dredging  could,  with  sufficient  care  and  skill,  be  suc- 
cessfully carried  out  in  any  known  depth  in  the  ocean,  we  give  here  the 
details  of  the  operation  and  the  appliances  used. — The  dredge  was  of 
wrought  iron,  made  on  exactly  the  same  plan  as  the  ''  Naturalists' "  dredge 
introduced  by  Ball  and  Forbes.  The  two  scrapers  were  pitched  at  a  very 
low  angle.  The  arms  were  moveable,  and  about  half  of  each  arm  next 
the  eye  to  which  the  rope  was  attached  was  of  strong  chain :  we  are  by  no 
means  sure,  however,  that  this  was  an  advantage.  On  one  side  the  chain 
was  attached  to  the  arm  of  the  dredge  by  a  stop  of  five  turns  of  spun 
yam,  so  that  in  case  of  the  dredge  becoming  entangled,  or  wedged  by 
rocks  or  stones,  a  strain  less  than  sufficient  to  break  the  dredge-rope  would 
break  the  stop,  alter  the  position  of  the  dredge,  and  probably  enable  it 
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to  free  itself.  The  weight  of  the  frame  of  the  dredge  was  225  lbs. ;  the 
mouth  was  about  4  feet  6  inches  long  by  6  inches  wide  at  the  throat  or  lUtf- 
rowest  part,  at  the  inner  edge  of  the  scrapers.  The  dredge-bag  was  doable; 
the  outer  bag  of  strong  twine  netdng,  the  meshes  of  the  net  j  inch  in  dia- 
meter ;  the  inner  of  "  bread-bag,"  a  coarse  open  canvas.  Bj  an  ingenious 
device  of  Captain  Calver,  the  inner  bag  was  divided  into  a  set  of  com- 
partments by  pieces  of  plank  fitted  vertically  into  it  from  the  month  nearly 
to  the  bottom.  This  arrangement  was  intended  to  prevent  the  washing  oat 
of  the  contents  of  the  dredge  during  its  long  upward  journey. 

46.  The  length  of  the  dredge-rope  was  3000  fathoms,  nearly  3|  statute 
miles;  of  this  2000  fathoms  were  "hawser-laid"  2^  inches,  with  a 
breaking  strain  of  2|  tons.  The  1000  fathoms  next  the  dredge  were 
"  hawser-laid  "  2  inches.  There  was  an  admirable  arrangement  for  stovring* 
the  rope — an  arrangement  which  made  its  manipulation  singularly  easy* 
notwithstanding  its  great  bulk  and  weight  (about  5500  lbs.).  A  lon^ 
row  of  large  iron  pins,  about  2  feet  in  length,  projected,  rising  obliquely  from 
the  top  of  the  bulwark,  along  one  side  of  the  quarter«>deck.  Each  of  these 
held  a  coil  of  from  200  to  300  fathoms,  and  the  rope  was  coiled  continu- 
ously along  the  whole  row.  While  the  dredge  was  going  down,  the 
rope  was  rapidly  taken  by  the  men  from  these  pins  ("  Aunt  Sallies "  we 
called  them,  from  their  each  ending  over  the  deck  in  a  smooth  white  wooden 
ball)  in  succession,  beginning  with  the  one  nearest  the  dredging-dcrrick ; 
and  in  hauling  up,  a  relay  of  men  carried  the  rope  along  from  the  surging- 
drum  of  the  donkey-engine,  and  hung  it  in  coils  on  the  pins  in  inverse 
order.  A  heavy  spar  formed  a  powerful  derrick  projecting  over  the  port 
bow.  A  large  block  was  suspended  at  the  end  of  the  derrick  by  a  rope, 
^hich  was  not  directly  attached  to  the  end  of  the  derrick,  but  passed 
through  an  eye,  and  was  fixed  to  a  "  bitt "  on  the  deck.  On  a  bight  of 
this  rope,  between  the  "  bitt"  and  the  block,  was  lashed  the  "  accumulator" 
described  above  (§  1).  The  result  of  this  arrangement  was,  that  when 
any  undue  strain  came  upon  the  dredge-rope,  the  strain  acted  first  upon 
the  "  accumulator ; "  and  a  graduated  scale  on  the  derrick,  against  which 
the  "  accumulator"  played,  gave,  in  cwts.,  an  approximation,  at  all  events, 
to  the  strain  upon  the  rope.  In  letting  go,  the  rope  passed  to  the  block 
of  the  derrick  directly  from  the  ''Aunt  Sallies  ;"  in  hauling  up  it  passed 
from  the  block  to  the  surging-drum  of  the  admirable  double-cylinder 
donkey-engine  already  mentioned,  from  which  it  was  taken  by  the  men 
and  coiled  on  the  "  Aunt  Sallies."  Three  sinkers  were  attached  to  the 
dredge-rope,  one  of  1  cwt.,  and  the  others  of  56  lbs.  each,  at  500  fathoms 
from  the  dredge. 

47.  The  3000  fathoms  of  rope  were  out  at  5.55  p.m.,  the  vessel  drifting 
slowly  before  a  moderate  breeze  (force =4)  from  the  N.W.  The  accom- 
panying woodcut  gives  an  idea  of  the  various  relative  positions  of  the 
dredge  and  the  vessel,  according  to  the  plan  of  dredging  followed  by  Capt. 
Calver,  which  answered  admirably. 
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A  npreKnti  tfu  pontion  of  the  vessel  when  the  dredge  is  let  go,  and 
tlu  dotted  lino  A  B  the  line  of  descent  of  the  dredge,  rendered  oblique 
by  the  tension  of  the  rope.  While  the  dredge  is  going  down,  the  vessel 
drifts  gndnally  to  leeward  ;  isd  when  the  whole  (ssy)  3000  fnthoms  of  rope 
■re  ont,  C,  W,  and  D  might  represent  the  relative  positions  of  the  vessel, 
tbe  w^ht  attached  500  tathoms  from  the  dredge,  and  the  dredge  itself. 

Fig.  4. 


Hie  vessel  now  steams  slowly  to  windward,  occupying  successively  the  po- 
(itiona  E,  F,  6,  and  H.  The  weight,  to  which  the  water  offers  but  little 
resistance,  sinks  from  W  to  W,  and  the  dredge  and  bag  move  slowly  from 
D  to  B.  The  vessel  is  now  allowed  to  drift  back  before  the  wind  from 
H  towards  C.  The  tension  of  the  motion  of  the  vessel,  instead  of  acting 
immediately  upon  the  dredge,  now  drags  forward  the  weight  W,  so  that 
the  dredging  is  earned  on  from  the  weight,  and  not  directly  from  the 
TOBcl.  The  dredge  is  thus  quietly  pulled  along,  with  its  lip  scraping  the 
bottom  in  the  attitude  which  it  assumes  from  the  position  of  tbe  centre  of 
weight  of  its  iron  frame  and  arms.  If,  on  the  other  hand,  tbe  weights 
were  hong  close  to  the  dredge,  and  the  dredge  were  draped  directly  from 
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the  vessel,  owing  to  the  enormous  weight  and  spring  of  tbe  rope^  the 
arms  would  be  constantly  lifted  up,  and  the  lip  of  the  dredge  preTC&ted 
from  scraping. — For  very  deep  dredging,  this  operation  of  Bteaming  np  to 
windward  till  the  dredge-rope  was  nearly  perpendicular,  after  drifting  for 
half  an  hour  or  so  to  leeward,  was  usually  repeated  three  or  four  times. 

48.  At  8.50  P.M.  we  began  to  haul  in,  and  the  ''Aunt  Sallies''  to  fill 
again.  The  engine  delivered  the  rope  steadily  at  a  uniform  rate  of  rather 
more  than  a  foot  per  second. — It  is  worthy  of  record  that,  except  on  one 
or  two  occasions,  when  an  enormous  load,  at  one  time  nearly  a  ton,  came 
up  in  the  dredge-bag,  the  donkey-engine  maintained  the  same  rate  of  heaving 
during  the  whole  summer's  work.  A  few  minutes  before  1  a.m.  the  weights 
appeared ;  and  at  one  in  the  morning,  7|  hours  afler  it  was  cast  over,  the 
dredge  was  safely  hauled  on  deck,  having  in  the  interval  accomplished  a 
journey  of  upwards  of  eight  statute  miles.  The  dredge-bag  contained  l^ 
cwt.  of  the  very  characteristic  pale  grey  Atlantic  ooze.  The  total  weight 
brought  up  by  the  engine  was — 

2000  fathoms  2j-inch  rope 4000  lbs. 

1000  fathoms  2-inch  rope 1500  lbs. 

5500  lbs. 

Weight  of  rope  reduced  to  one  quarter  in  the  water  =  1375  lbs. 

Dredge  and  bag 275  lbs. 

Ooze  brought  up 1 68  lbs. 

Weight  attached 224  lbs. 

2042 

49.  The  Dredge,  with  its  contents,  was  reverently  laid  aside  under  a 
tarpauling,  and  the  watchers  threw  themselves  down  to  rest  till  daylight. 
The  contents  of  the  dredge  had  the  ordinary  character  of  Atlantic  chalk- 
mud.  Since  our  return  it  has  been  analyzed  by  Mr.  Hunter,  who  finda 
it  to  contain  (besides  an  appreciable  quantity  of  Organic  matter,  the  exact 
proportion  of  which  has  not  yet  been  accurately  ascertained) — 

Silica   23-34 

Ferric  oxide 5*9 1 

Alumina 5*35 

Carbonate  of  calcium 61  *34 

Carbonate  of  magnesium    4*00 

Loss 006 

100*00 
the  alkalies  having  been  removed  by  washing. — The  ooze  has  not  yet  been 
subjected  to  careful  Microscopic  examination.     The  dredge  appeared  to 
have  dipped  pretty  deep  into  the  soft  mud ;  its  contents  therefore  con- 
tained but  a  small  proportion  of  fresh  shells  of  Glohigerina  and  OrbuUna, 
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There  was  an  appreciable  quantitj  of  diffused  amorphous  organic  matter, 
which  we  were  incliDed  to  regard  as  connected,  whether  as  processes,  or 
"mycelium,"  or  germs,  with  the  various  shelled  and  shelless  Protozoa. 

50.  On  careful  sifling,  the  ooze  was  found  to  contain  fresh  examples  of 
each  of  the  Invertebrate  Subkingdoms.  When  examined  at  daylight  on 
the  morning  of  the  23rd,  none  of  these  were  actually  living,  but  their  soft 
parts  were  perfectly  fresh,  and  there  was  ample  evidence  of  their  having 
been  living  when  they  entered  the  dredge.  The  most  remarkable  species 
were: — 

MoLLUBCA. — Dentaiium,  sp.  u.,  of  large  size. 

Pecien/enestrattiSf  a  Mediterranean  species. 

Dacrydium  mireum,  Arctic,  Norwegian,  and  Mediter- 
ranean. 

Serobicularia  nitida^  Norwegian,  British,  and  Medi- 
terranean. 

Neara  obesa,  Arctic  and  Norwegian. 

Crustacea.— yfnonyor  Ilblbollii,  Kroyer  (^A.denticulatuSf  Bate),  with 

the  secondary  appendage  of  the  upper  antennse  longer 
and  more  slender  than  in  shallow-water  specimens. 

Ampelisca  {equicomis,  Bruzelius. 
Munna,  sp.  n. 

One  or  two  Annelides  and  Gephyrea,  which  have  not  yet  been  de- 
termined. 
EcHiNODERMATA. — Ophiocten  Kroj/eri,  Liitken ;   several  well-grown 

specimens. 
Echinocucumis  typica,  Sars.    This  seems  to  he  a 
very  widely  distributed  species ;   we  got  it  in 
almost  all  our  deep  dredgings,  both  in  the  Warm 
and  in  the  Cold  areas. 
A  remarkable  stalked  Crinoid,  allied  to  Rhhocrinns,  but  presenting 
some  very  marked  differences. 

PoLYZOA. — Salicomaria,  sp.  n. 

C<ELENTERATA. — ^Two  fragments  of  a  Ilydroid  Zoophyte. 

Protozoa. — Numerous  Foraminifera  belonging  to  the  groups  already 
indicated  (§  33)  as  specially  characteristic  of  these  abyssal  waters ;  together 
with  a  branching  flexible  Rhizopo<U  having  a  chitinous  cortex  studded  with 
Globigerinse,  which  encloses  a  sarcodic  medulla  of  olive-green  hue.  Tliis 
singular  organism,  of  which  fragments  had  been  detected  in  other  dredg- 
ings, here  presented  itself  in  great  abundance. 

One  or  two  small  Sponges,  wliich  seem  to  be  referable  to  a  new  group. 

51.  On  Friday,  July  23,  we  tried  another  haul  at  the  same  depth ;  but 
when  the  dredge  came  up  at  1.30  p.m.  it  was  found  that  the  rope  had 
foaled  and  lapped  right  round  the  dredge-bag,  and  that  there  was  nothing 

TOL.  XYIII.  2  L 
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in  the  dredge.  The  dredge  was  sent  down  agun  at  3  p.m..  and  was  Inonglit 
up  at  11  P.M.,  with  upwards  of  200  cwt.  of  oose. — We  got  fWmi  this  hnil 
a  new  species  of  Pleurotima  and  one  of  DentaUym^  SeroHeuianm  nUidag 
Dacrydium  vitreum,  Ophioeantha  ipimtloia,  and  OpkioeieH  JTrSytri,  with 

a  few  Crustaceans  and  many  Foraminifera. 

52.  In  both  of  these  last  deep  dredgings  the  dredge  brought  up  a  hurge 
number  of  extremely  beautiful  PolycyMtina^  and  some  (bnna  apparentlj 
intermediate  between  Polyeyatina  and  Sponges,  which  will  be  deaoibed 
shortly.  These  organisms  did  not  seem  to  be  brought  firom  the  bottom, 
but  appeared  to  be  sifted  into  the  dredge  on  its  way  up.  They  were  as 
numerous  adhering  to  the  outside  of  the  dredging-bag»  as  within  it.  During 
tlic  soundings  taken  near  this  locality  quite  a  shower  of  scTeral  beantifiil 
species  of  the  Polycyatina  tind  Aeanthometrina  fell  upon  the  chart-room  sky- 
light from  the  whole  length  of  the  sounding-line  while  it  was  being  hauled  in. 

53.  Dredging  in  such  deep  water  was  very  trying.  Each  operation  occa- 
pied  seven  or  eight  hours  ;  and  during  the  whole  of  that  time  it  demanded 
and  received  the  most  anxious  attention  on  the  part  of  the  Commander,  who 
stood  with  his  hand  on  the  pulse  of  the  Accumulator,  ready  at  any  moment^ 
by  a  turn  of  the  paddles,  to  ease  any  undue  strain.  The  men,  stimulated 
and  encouraged  by  the  cordial  interest  taken  by  their  officers  in  our  opera- 
tions, worked  willingly  and  well ;  but  the  labour  of  taking  upwards  of  three 
miles  of  rope,  coming  up  with  r  heavy  strain  from  the  surging-drum  of  the 
engine,  and  coiling  it  upon  the  "  Aunt  Sallies,"  was  very  severe.  The  rope 
itself  looked  frayed  and  strained,  as  if  it  could  not  be  trusted  to  stand  this 
extraordinary  ordeal  much  longer.  The  question  of  the  distribution  of 
Life  and  the  condition  of  the  bottom  had  been  solved ;  and  the  animals 
brought  up,  though  of  surprising  interest,  were  few  in  number.  On 
the  mornhig  of  Saturday  the  24th  we  therefore  determined  to  cease 
dredging  for  the  present,  and  to  devote  the  day  to  an  investigation  which 
we  regarded  as  at  least  equal  in  importance, — the  determination  of  a 
series  of  Temperatures  at  intervals  of  250  fathoms  from  the  bottom  to  the 
surface.  The  following  is  a  Table  of  the  mean  results  of  this  series  of 
observations  (Station  38).  The  instruments  used  were  the  two  Miller- 
Casella  thermometers  which  were  employed  in  all  the  temperature-soond- 
ings  throughout  the  summer.     The  depth  was  2090  fathoms. 

Surface-temperature  64°  F.=17-08C.  o             ^ 

260  fathoms 50*5  „  10-28,  less  than  surface  . .  13-5  F.= 7-5  C. 

500      „       47-8  „      8-8,  „  2.50  fath.  2'7  „    1-5 

750       „       41-3  „  517,  „  500     „  6-5  „  3-6 

1000       „       38-3  „  3-5,  „  750    „  3*0  „    1*7 

1250      „      37-7  „  3-17,  „  1000    „  0-6  „  0-3 

1500      „       37-2  „      2-9,  „  1250    „  0-5  „   0-3 

1750      „       36-7  „  2-61,  „  1500    „  0-5  „0-3 

2090      „       36-3  .,  2-4,  „  1 750    „  0-4  „  0-2 
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54.  The  general  resnlt  of  this  series  of  Soundings  is  of  the  highest  inte- 
rest ;  and  although  it  may  be  premature  to  attempt  an  explanation  of  the 
details  of  the  phenomena  until  all  the  temperature-observations  which  have 
been  made  in  the  North  Atlantic  have  been  reduced  to  the  Milier-Casclla 
■tandard  and  carefully  correlated,  still  certaui  general  conclusions  seem 
fldf-erident.— >The  high  surface-temperature,  reduced  bj  13^^  degrees  at 
250  fmthoms,  is  undoubtedly  due  to  superheating  by  the  direct  heat  of  the 
son.  This  is  shown  more  clearly  by  the  Table  (§  58),  where  nearly  7^ 
are  seen  to  be  lost  between  the  surface  and  30  fathoms,  and  4^  more 
between  30  fathoms  and  100  fathoms. — From  100  to  500  fathoms  the 
temperature  is  still  high  and  tolerably  uniform,  and  it  falls  rapidly  between 
500  and  1000  fathoms;  a  reference  to  the  second  Table  shows  that  the 
rapid  fall  is  between  650  and  850  fathoms,  during  which  interval  there 
is  a  loss  of  nearly  6^.  The  second  stage  of  elevated  temperature,  from 
250  to  650  fathoms,  seems  to  be  caused  by  the  north-easterly  reflux  of 
the  great  equatorial  current.  From  1000  fathoms  the  loss  of  heat  goes  on 
uniformly  at  the  rate  of  0^*5  for  every  250  fathoms.  The  most  singular 
feature  in  this  decrease  of  temperature  for  the  last  mile  and  three  quarters 
is  its  absolute  uniformity,  which  appears  to  be  inconsistent  with  the  idea 
of  a  current,  unless  it  were  one  of  excessive  slowness.  It  appears  that  the 
presence  of  this  vast  underlying  body  of  comparatively  cold  water  can 
only  be  accounted  for  on  the  supposition  of  a  general  interchange  of  warm 
and  cold  water,  according  to  the  doctrine  laid  down  by  Dr.  Carpenter  in 
the  '  Lightning '  Report,  which  will  be  more  fully  expounded  hereafter 

(5  115). 

55.  We  were  now  steaming  slowly  back  towards  the  coast  of  Ireland ;  and 
on  Monday,  July  26,  we  dredged  in  depths  varying  from  557  to  584  fathoms 
(Stations  39-41)  in  ooze,  with  a  mixture  of  sand  and  dead  shells.  In  these 
dredgings  we  got  one  or  two  very  interesting  Alcyonarian  zoophytes,  and 
several  Ophiuridans,  including  Ophiothrix  fragiliB^  Amphiura  Ballii,  and 
Opkiacaniha  Mpinulosa.  Many  of  the  animals  were  most  brilliantly  phospho- 
rescent ;  and  we  were  afterwards  even  more  struck  by  this  phenomenon  in 
our  Northern  Cruise.  In  some  places  nearly  everything  brought  up  seemed 
to  emit  light,  and  the  mud  itself  was  perfectly  full  of  luminous  specks.  The 
Alcyonarians,  the  Brittle-stars,  and  some  Annelids  were  the  most  brilliant. 
The  Pennatula^  the  Virffulari/g,  and  the  Oorgonia  shone  with  a  lambent 
white  light,  so  bright  that  it  showed  quite  distinctly  the  hour  on  a  watch. 
The  light  from  Pavonaria  quadrangularis  was  pale  lilac,  like  the  flame  of 
cyanogen ;  while  that  from  Ophiacantha  spinulosa  was  of  a  brilliant  green, 
cormscating  from  the  centre  of  the  disk,  now  along  one  arm,  now  along 
another,  and  sometimes  vividly  illuminating  the  whole  outline  of  the  star-^ 
fiih. 

56.  The  question  of  the  amount  and  the  kind  of  Light  in  these  abysses 
was  constantly  before  us.  That  there  is  light,  there  can  be  no  doubt.  The 
eyes  in  many  species  of  all  classes  were  well  developed ;  in  some,  very 

i6    L    ^ 
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remarkably  so.  A  Munida,  probably  a  variety  of  Mumda  Banjii, 
somewhat  paler  in  colour  than  usual,  and  somewhat  slighter  in  its  propor- 
tions, which  we  met  with  abundantly  in  our  northern  dredgings,  had  re- 
markably  large  eyes,  very  brilliant,  transparent,  and  bronsy,  giving  the  im- 
pression of  extreme  sensitiveness.  It  is  scarcely  possible  that  any  appre- 
ciable quantity  of  the  Sun's  light  can  penetrate  beyond  two  hundred  fathoms 
at  most.  The  data  with  regard  to  the  transmission  of  light  through  seft- 
water  are  very  scanty ;  but  the  rapidity  with  which  light  diminishes  during 
the  first  few  fathoms  seems  to  point  to  its  speedy  extinction.  It  seemed  to  as 
probable  that  the  abyssal  regions  might  depend  for  their  light  solely  upon 
the  Phosphorescence  of  their  inhabitants.  The  only  use  which  the  lower 
animals  make  of  light  is  to  enable  them  to  procure  their  food ;  and  it  is 
evident  that  in  the  night,  or  under  any  circumstances  in  which  there  is  no 
source  of  general  illumination,  it  would  answer  the  same  purpose  of  guiding 
them  to  their  prey,  if  that  prey  itself  were  luminous.  Among  the  Star- 
fishes the  young  specimens,  10  to  15  millims.  from  point  to  point  of  the 
rays,  appeared  to  be  much  more  luminous  than  mature  examples  of  the  same 
species.  This  is  probably  part  of  the  great  general  plan  which  provides  an 
enormous  excess  of  the  young  of  many  species  apparently  as  a  supply  of 
food ;  their  wholesale  destruction  being  necessary  for  the  due  restriction  of 
the  multiplication  of  the  species,  while  the  breeding  individuals,  on  the 
other  hand,  are  provided  with  special  appliances  for  escape  or  defence.  It 
is  well  known  that  fishes  feed  principally  at  night;  and  the  path  of  a  shoal 
of  herrings  may  often  be  traced  for  miles  by  the  broad  band  of  phospho- 
rescence caused  by  the  glowing  and  scintillating  of  the  myriads  of  phos- 
phorescent animals,  especially  larvee,  with  which  the  sea  is  crowded,  and 
which  supply  their  food.  We  can  scarcely  doubt  that  the  phosphorescenoe 
of  the  inhabitants  of  the  dark  abysses  of  the  sea  performs,  in  regard  to  the 
great  object  of  the  supply  of  food,  the  functions  performed  in  the  upper 
world  by  the  light  of  day. 

57.  On  the  27th  we  dredged  in  862  fathoms  (Station  42),  the  weather 
being  still  very  fine,  and  the  sea  quite  smooth.  The  bottom  was  ooze  with 
sand  and  dead  shelb.  Among  the  MoUusca  procured  were  a  new  species  of 
Pleuronectia,  Leda  abyssicola  (Arctic),  Leda  Mesnnensis  (a  Sicilian  Ter- 
tiary fossil),  Dentalium  gigaa  (sp.  n.),  Siphonodentalium  (sp.  n.),  Cerithium 
metula,  Amaura  (sp.  n.),  Columbella  Haliaeti,  Cylichna  pyramidata  (Nor- 
wegian and  Mediterranean),  and  many  dead  shells  of  Cavolina  trispinom* 
These  latter  were  very  common  in  all  the  northern  dredgings,  though 
we  never  saw  a  living  specimen  on  the  surface. 

58.  During  the  afternoon  we  took  a  series  of  intermediate  temperatnrei^ 
at  intervals  of  50  fathoms,  from  the  bottom  at  862  fathoms  to  the  surface. 
The  following  Table  gives  the  general  results  of  this  series  of  obser- 
rations :— 
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o  o 

Surface  (mean  temp,  of  1  62*8  F.= 17*22  C. 

100,  MiUer-CaseUa  103)  j  o  o 

lOfathoms 62*1  „  1672,  less  than  surface  0-7F.=0-5C. 

20  „       59-4  „  15-22,  „  lOfath.  27  „  1-5 

30  „       560  „  13-33,  „  20  „  3-4  „  1-9 

40  „       54-4  „  12-44,  „  30  „  1-6  „  09 

50  „       53-2  „  11-8,  „  40  „  12  „  064 

100  „ 51 -1  „  10-6,  „  50  „  2-1  „  1-2 

150  „        50-9  „  10-5.  „  100  „  0-2  „  01 

200  „        50-5  „  10-3,  „  150  „  04  „  02 

250  „       50-2  „  1011,  „  200  „  0-3  „  0-2 

300  „       49-6  „  9-8,  „  250  „  06  .,  0-3 

350  „       49-1  „  9-5,  „  300  „  05  „  03 

400  „       48-5  „  9-17,  „  350  „  06  „  03 

450  „       47-6  „  8-7,  „  400  „  09  .,  05 

500  „       47-4  „  8-55,  „  450  „  0-2  „  0'15 

550  „       46-4  „  8  0,  „  500  „  10  „  055 

600  „       45-5  „  7-1,  „  550  ,.  09  „  05 

650  „       44-3  „  6-83,  „  600  „  12  „  0-6 

700  „       43-6  „  6-44,  „  650  „  07  „  04 

750  „       42-5  „  5-83,  „  700  „  M  „  06 

800  „        420  „  5-55,  „  750  „  0-5  „  03 

862  „       39  7  „  4-3,  „  800  „  23  „  1-25 

A  Water-Bottle  was  sent  down  with  the  sounding-lead  on  each  occasion ; 
and  the  specific  gravity  of  the  water  was  carefully  taken,  the  air  contamed 
in  it  analyzed,  and  the  amount  of  organic  matter  estimated  by  Mr.  Hunter. 
Ifr.  Hunter's  results,  which  are  given  below,  corroborate  generally  the 
obsenrations  made  on  the  previous  cruise  by  Mr.  William  L.  Carpenter.  The 
Specific  Grravity  of  the  water  is  somewhat  higher  at  the  surface  than  at  a 
depth  of  50  fathoms ;  this  is  probably  due  to  evaporation,  the  observation 
having  been  made  after  a  course  of  hot  weather.  From  50  fathoms  down- 
wards it  increases  slightly  but  steadily  till  within  50  fathoms  of  the  bottom, 
when  it  again  falls  a  little.  The  proportion  of  Carbonic  acid  in  the  con- 
tained gases  increases  slowly  and  steadily  till  within  50  fathoms  of  the 
bottom,  when  it  increases  suddenly  to  the  extent  of  upwards  of  15  per  cent., 
mainly  at  the  expense  of  the  Nitrogen,  which  falls  upwards  of  14  percent., 
the  Oxygen  remaining  nearly  stationary.  The  amount  of  Organic  matter 
seems  to  be  very  uniform,  varying,  apparently  irregularly,  within  narrow 
limits. 
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Dfiith  in 
Fatixum*. 

Specific 
Gravity. 

Percentage 

of  Carbonic 

Acid. 

Percentage 
of  Oxygen. 

Percentage 
of  Nitrogen. 

ToUlPfliw 

oentageof 

OaMfl. 

862 

1027-5 

48-23 

17-22 

34-50 

3-5 

^sr** 

800 

10277 

33-75 

17-79 

48-46 

2-8 

•001 

750 

1027-5 

31-92 

18-76 

49-32 

2-8 

•0012 

700 

1027-5 

31-02 

19-31 

49-66 

2-2 

•0013 

650 

1027-5 

3000 

19-80 

50-20 

2-4 

600 

1027-5 

28-34 

20-14 

51-52 

2-4 

-0005 

550 

1027-5 

29-06 

20-70 

50-24 

2-6 

•0009 

500 

1027-5 

27-26 

•  •   •   ■ 

'•  ■   •  • 

2-2 

•0014 

450 

1027-5 

24-73 

22-18 

53-09 

2-8 

•0005 

400 

1027-5 

29-73 

22-71 

47-51 

2-5 

•0014 

350 

1027-3 

.  •  •  • 

.  •  •  • 

•  •   •  • 

•  •   •  • 

•0015 

300 

1027-3 

• .  • . 

«... 

•  •    •  • 

•  •   •  • 

•0018 

250 

1027-3 

. .  •  • 

.  •  •  • 

•  •   ■  • 

•  •   •  • 

•0019 

200 

1027-3 

.... 

.  •  . . 

•  •  •  • 

•  •   •  • 

•0017 

50 

1027-2 

30-73 

25-23 

43-84 

2-2 

•0014 

Surface 

1027-5 

59.  On  the  28th  we  dredged  in  1207  fathoms  (Station  43),  with  a  bot- 
tom of  ooze.  A  large  Fusus  of  a  new  species  (F.  attenuatut,  Jeffivjt) 
was  brought  up  alive,  with  two  or  three  Gephyrea,  and  an  example  each  of 
Ophiocten  Kroyeri  and  Echinocucumis  typica.  We  again  dredged  on  the 
29 th  and  30th,  gradually  drawing  in  towards  the  coast  of  Ireland  in  S65, 

,458,  180,  and  113  fathoms  successively  (Stations  44, 45).  In  458  &thoiiis 
(Station  45)  we  procured  a  broken  example  of  Brinnga  endeeaenewto^ 
previously  taken  by  Mr.  Jeffreys  off  Valentia,  and  a  number  of  interesting 
Mollusca;  and  in  458  and  180  fathoms  (Stations  45  and  45  a)  an  extra- 
ordinary abundance  of  animal  life,  including  many  very  interesting  forma— 
Dentalium  abyssorum,  AporrhaU  Serrenantu,  Solarium /allaciotutn,  Fknu 
fenestratusy  a  beautiful  Ophiurid,  the  type  of  a  new  genua  allied  to 
Ophiura,  remarkably  large  specimens  of  the  commoner  forms,  OpkioiArix 
fragilia  (for  example),  nearly  a  foot  and  a  half  from  tip  to  tip  of  the  armi» 
and  brilliantly  coloured,  abundance  of  Caryophyllia  Smiihii,  and  of  all  the 
ordinary  deep-water  forms  of  the  region.  About  midday  on  Saturday,  the 
3l8t  of  July,  we  steamed  into  Queenstown.  Having  coaled  at  Haulbow- 
liue  on  Monday  the  2nd  of  August,  we  were  moored  in  the  Abercom  basb, 
Belfast,  after  a  pleasant  return  passage  up  the  channel,  on  the  evening  of 
"Wednesday  the  4  th. 

Third  Cruise.    (Chart,  Plate  6.) 

60.  In  accordance  with  the  original  Programme  (§  29),  the  Third  Cnuse 
was  devoted  to  the  re-examination,  on  a  more  minute  and  extended  scale,  of 
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tlie  region  of  the  ''Warm  and  Cold  Areas  "  traversed  last  year  in  the  'Light- 
ning,' with  the  special  view  of  determining,  if  possible,  (1)  the  Physical  con. 
ditions  on  which  depends  the  remarkable  contrast  then  discovered  between 
their  fto/Zom^temperatures,  the  Sea-bed  being  of  nearly  the  same  depth 
throughout,  and  their  «wi/ac^teinperatures  being  alike ;  and  (2)  the  in- 
fluence of  this  difference  upon  the  distribution  of  Animal  life,  and  on  the 
nature  of  the  Sea-bed  itself. 

61.  As  it  was  requisite  that  the  boilers  of  the  '  Porcupine'  should  be 
thoroughly  cleansed  after  her  return  from  the  Second  Cruise,  we  did  not  leave 
Belfast  (to  which  port  she  had  gone  round  from  Cork)  until  Wednesday, 
August  11  th ;  when  we  made  direct  for  Stomoway  as  our  final  point  of  depar- 
ture, arriving  there  on  Friday  the  13th.  Having  taken  in  as  much  coal  as 
could  be  safely  stowed  on  deck,  as  well  as  below,  we  left  Stomoway  on  the 
afternoon  of  Sunday  the  15th,  and  proceeded  in  the  direction  of  the  spot  on 
which  we  had  made  our  most  successful  dredging  of  last  year  ('Lightning' 
Beport,  §  16),  and  which  we  had  come  to  call  the  Holtenia-gTonnd*, 
Our  dredging  on  this  ground  (Station  47)  again  proved  remarkably  success- 
ful, bringing  up  numerous  specimens  of  HoUenia,  of  HyaUmema  (one  of 
them  constituting  a  new  species),  of  Adraata  infundibulum  (a  type  allied 
to  Hyalonema),  and  of  Tieiphonia  (a  remarkable  genus  of  Siliceous 
Sponges,  obtained,  hke  HoUenia,  for  the  first  time  last  year,  of  which  a 
description,  by  Prof.  Wyville  Thomson,  will  soon  be  presented  to  the 
Royal  Society),  besides  many  other  specimens  of  great  interest,  some  of 
which  appear  to  be  new  types.  The  experience  of  the  650  fathoms' 
dredge  last  year  having  led  us  to  put  aside  and  preserve  the  ei/tinffs,  instead 
of  attempting  to  pick  them  over  at  the  time,  we  have  since  found  them  to 
yield  an  extraordinarily  rich  harvest  of  Foramini/era,  including  not 
merely  the  types  mentioned  in  the  *  Lightning'  Report  (§  16),  but  a  great 
number  of  others,  especially  of  the  Arenaceous  Order,  in  which  the  shelly 
covering  is  replaced  by  a  **  test"  composed  of  sand-grains  more  or  less 
firmly  cemented  together.  Although  the  Holtenia-ground  lies  within  the 
Warm  area,  the  Sea-bed  of  which  is  ordinarily  covered  by  Globigerina- 
mud  ('Lightning'  Report,  p.  190),  yet  this  mud  here  contains  a  consi- 
derable admixture  of  sand,  obviously  derived  from  the  Cold  area  with 
which  it  is  here  in  immediate  proximity.  For  this  sand,  when  separated 
from  the  Olobigerina-mxid,  corresponds  precisely  in  its  character  with  that 
of  the  Cold  area,  being  especially  distinguished  by  the  admixture  of 
particles  of  Augite  and  other  minerals  having  an  undoubtedly  Volcanic 
source.  This  admixture  is  very  perceptible  to  the  experienced  eye 
in  the  "  tests''  of  Astrorhiza  and  other  Arenaceous  Foraminifera  abundant 

*  The  largest  of  the  oztraordinarj  Vitreous  Sponges  dredged  in  this  locality  last 
ymt  has  been  described  by  Prof  Wyville  Thomson,  in  a  Memoir  presented  to  the 
Bojal  Society  on  June  17»  and  since  published  in  the  Philosophical  Transactions  for 
1860,  under  the  generic  name  Holtenia,  in  compliment  to  our  excellent  friend  Ampt* 
man  Holten,  the  Governor  of  the  Faroe  Inlands. 
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in  this  locality,  as  well  as  in  those  of  Lituola  and  other  ArenaGeoni  typei 
inhabiting  the  Cold  area,  where  the  bottom  is  formed  by  sand  and  small 
stones  alone. 

62.  It  is  not  a  little  curious  that  one  of  the  new  types*  disooTered  last 
year  in  the  650  fathoms'  dredging  ('  Lightning'  Report,  §  19),  which  was 
made  in  a  part  of  the  Warm  area  far  removed  from  the  borders  of 
the  Cold,  was  now  found  to  occur  here  also,  but  with  a  remarkable 
difference  in  the  structure  of  its  ''  test."  Its  shape  is  fiisiform,  gene- 
rally somewhat  curved,  not  unlike  a  § ;  and  it  has  only  one  undivided 
cavity,  with  a  tubiform  aperture  at  each  end.  Now  in  the  true  Cre- 
taceous area,  where  sand-grains  are  scarce,  but  sponge-spicules  abound, 
this  Rhizopod  constructs  its  "  test"  almost  entirely  of  sponge-spicnlei^ 
laid  with  most  extraordinary  regularity,  a  sand-grain  being  interposed 
here  and  there  to  fill  up  a  vacuity  left  by  the  oblique  crossing  of  the 
spicules.  But  in  the  /Tio/^enta-ground,  where  sand  is  abundant,  **  tests" 
of  precisely  the  same  general  form  and  proportions  are  built  up  almost 
entirely  of  sand-grains  cemented  together ;  sponge-spicules,  however,  being 
invariably  used  to  form  the  tubiform  mouths,  and  the  mouth  thus  formed 
being  sometimes  prolonged  like  a  proboscis. — It  is  difficult  to  conceive 
how  creatures  which  seem  nothing  more  than  particles  of  animated  jelly, 
without  "  organs"  of  any  kind,  can  exert  so  remarkable  a  power  of  selec- 
tion and  construction  as  is  shown  in  the  "tests"  of  some  of  these  Arena- 
ceous Foramini/era.  There  are  none  which  are  more  symmetrically  con- 
structed than  the  triradiate  Rhabdammina  ;  each  of  its  three  very  slender 
arms,  which  diverge  at  equal  angles,  being  a  cylindrical  tube,  built  up  of 
sand-grains  of  very  uniform  size,  united  by  a  firm  cement  which  contains 
a  considerable  proportion  of  Phosphate  of  Iron.  This  tube  is  beauti* 
fully  smoothed  off  internally ;  and  it  is  no  rougher  externally,  in  propor- 
tion to  its  size,  than  any  wall  would  be  that  is  built  of  rough-hewn 
stones  arranged  by  the  hands  of  a  most  dexterous  mason.  The  only 
structure  with  which  we  are  acquainted  that  is  at  all  comparable  to  it  in 
workmanship  is  the  sandy  tube  of  the  Peclinaria,  one  of  the  Tubicokr 
Annelids,  a  creature  comparatively  high  in  the  scale  of  organization. 

63.  It  was  here  that  we  employed  for  the  first  time  an  addition  to  our 
Dredging  apparatus  devised  by  Capt.  Calver,  who,  having  noticed  that 
animals  frequently  came  up  attached  to  the  part  of  the  dredge-rope  that  had 
lain  on  the  ground,  or  to  the  net  of  the  dredge  itself,  justly  reasoned  that 
if  the  Sea-bottom  were  swept  with  hempen  brushes,  they  would  probably 
bring  up  many  creatures  that  might  escape  the  scraping  of  the  dredge. 
These  brushes  were  made  of  bundles  of  rope-yarn  teazed  out  into  their  sepa- 
rate threads,  and  tied  together  at  the  top,  so  as  closely  to  resemble  the 

*  This  typo  was  described  by  Dr.  Carpenter  in  a  Memoir  preeonted  to  the  Bojil 
Society,  June  17tb,  "  On  tbe  Bhizopodol  Fauna  of  tlio  Deep  Sea/*  as  a  form  of  the 
Proteonina  of  Prof.  Williamson.  He  has  subsequently  been  led  to  doubt>  however, 
wbetbcr  that  desigjnaiion  oan  be  properly  applied  to  it. 
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ordinary  **  swabs"  used  on  board  ship.  An  iron  rod  was  attached  to  the 
bottom  of  the  dredge,  and  carried  out  about  two  feet  on  either  side  of  it ;  and 
it  was  to  these  projecting  portions  (resembling  the  studding-sail-booms 
extended  from  a  yard-arm)  that  the  <*  hempen  tangles"  were  attached  by 
Capt.  Calyer«  who  rightly  judged  that  if  they  were  -attached  to  the  bottom 
of  the  dredge  itself,  they  would  only  bring  up  what  the  dredge  had  passed 
over  and  crushed.  Though  the  use  of  these  "  tangles"  added  much  to 
our  "  hauls  "  on  the  ^To/^eTita-ground,  especially  on  a  subsequent  occasion 
(§  3^)»  7®^  ^^  ^^  ^^  ^^^  ^^^^  bottom  of  the  Cold  area  that  their  value 
became  especially  apparent,  the  *'  tangles  "  oflen  coming  up  laden  with  the 
richest  spoils  of  the  Ocean-bed,  when  the  dredge  was  nearly  empty  (§  74), 

64.  Our  course  was  now  directed  slowly  N.N.W.,  towards  the  southern 
edge  of  the  Faroe  Bank,  Soundings  being  frequently  taken,  that  we 
might  determine  the  boundary  in  this  region  between  the  Warm  and 
the  Cold  areas.  The  minimum  temperature  on  the  HoUenia-^ronad, 
as  shown  by  the  '*  protected"  Thermometers,  was  a  little  under  44^,  the 
depth  being  540  fathoms ;  and  this  accorded  very  closely  with  the  tem- 
perature of  47^*3  observed  in  the  same  spot  last  year,  when  the  requisite 
correction  was  applied  for  pressure.  A  Sounding  taken  on  the  afternoon 
of  the  next  day,  at  Station  49  (Lat.  59°  43',  Long.  7°  40'),  showed  a 
somewhat  less  depth,  viz.  475  fathoms,  and  a  slightly  higher  minimum 
temperature,  45^*4.  In  the  evening  of  the  same  day  another  Sounduig 
was  taken  (Station  50),  and  it  was  found  that  the  depth  had  diminished 
to  355  fathoms,  whilst  the  minimum  temperature  had  risen  to  46^*2.  A 
Sounding  taken  early  the  next  morning,  however,  at  Station  51  (Lat.  60°  6', 
Long.  8^  14'),  showed  a  minimum  of  40°,  with  a  depth  of  440  fathoms ; 
and  this  depression  of  temperature  led  us  to  surmise  that  we  were  here 
passing  from  the  Warm  into  the  Cold  area.  The  correctness  of  this 
surmise  was  soon  proved  ;  for  a  Sounding  taken  at  about  20  miles  to  the 
northy  at  Station  52  (Lat.  60°  25',  Long.  8°  1 0'),  gave  a  minimum  tem- 
perature of  30^*6,  though  the  depth  had  diminished  to  384  fathoms ! 

65.  In  order  to  ascertain  more  particularly  the  conditions  of  this  very 
remarkable  depression,  we  requested  Cnpt.  Calver  to  ascertain  the  tempera- 
ture at  depths  progressively  increasing  by  50  fathoms ;  and  it  was  thus 
shown  (1)  that  the  minimum  temperature  is  that  of  the  bottom,  as  had 
been  argued  in  the  'Lightning'  Report  (p.  189)  to  be  probably  the  case  ; 
(2)  that  this  minimum  is  nearly  reached  at  a  depth  of  300  fathoms ;  (3) 
that  the  decrease  of  temperature  is  by  no  means  uniform,  but  that  whilst 
it  takes  place  in  the  first  200  fathoms  at  nearly  the  same  rate  as  in  the  most 
northerly  stations  previously  tested  in  the  First  Cruise,  there  is  a  rapid 
and  extraordinary  diminution,  amounting  to  more  than  15°,  between  200 
and  300  fathoms.  (See  Table  I.  p.  456.)  This  diminution  can  scarcely  be 
accounted  for  on  any  other  hypothesis  than  that  of  a  stream  of  frigid  water 
paaring  under  the  warmer  and  more  superficial  stratum. — It  is  worthy  of 
note  that  in  this  spot  we  found  evidence,  in  the  rounded  form  of  the  stones 
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and  gravel  brought  up  by  the  dredge,  of  a  more  decided  mom«mii#  of  water 
than  is  presented  in  the  Cold  area  generally,  the  bottom  of  whieh  generally 
consists  of  fine  sand,  sometimes  with  an  admixture  of  day»  iffdj^diiig 
stones  but  little  rolled.  And  as  our  subsequent  Soundinga  have  led  na  to 
believe  that  we  were  here  on  the  western  border  of  the  Cold  area,  aod 
that  its  stream  of  frigid  water  is  reduced  at  the  same  time  in  breadth  and 
depth,  before  discharging  itself  into  the  deep  Oceanic  basin  (§  104),  a  mine 
rapid  movement  is  precisely  what  might  be  expected. 

66.  Altering  our  course  now  to  the  E.S.E.,  we  took  another  Soandiiigon 
the  evening  of  the  same  day  (Station  53),  after  a  run  of  about  25  miles, 
and  found  the  depth  increased  to  490  fathoms,  and  the  minimum  (which 
we  shall  now  call  the  bottom)  temperature  reduced  to  30°.    This  course 
having  been  continued  during  the  night,  we  found  ourselves  (Station  54)» 
early  on  the  morning  of  August  19th,  in  Lat.  59°  56'  and  Long.  6?  27'» 
where  the  depth  was  363  fathoms,  and  the  bottom-temperature  31°'4.    It 
was  thus  obvious  that  we  were  still  in  the  Cold  area,  although  we  had 
come  back  almost  exactly  to  the  latitude  of  Station  50,  and  were  more 
than  twelve  miles  to  the  south  of  the  lowest  parallel  to  which  we  had 
traced  it  last  year.    (We  subsequently  traced  it,  at  Station  86,  about  nine 
miles  still  further  south.)  The  coincidence  of  Depths  as  well  as  of  Letituda 
between  Stations  50  and  54,  with  deeper  water  both  north  and  south  of 
them,  shows  that  the  bed  of  the  channel  here  rises  into  a  ridge,  which  hii 
probably  something  to  do  with  the  direction  of  the  course  of  the  flow 
along  its  bottom. — We  then  again  turned  northwards,  and  in  the  after- 
noon of  the  same  day  found  that  our  depth  (Station  55)  had  increased  to 
605  fathoms,  whilst  the  bottom-temperature  was  somewhat  below  3(f» 
Our  Soundings  were  frequently  repeated  in  this  part  of  the  Area,  with 
great  uniformity  in  their  results,  both  as  to  Depth  and  Temperature ;  uA 
our  Dredging  operations  were  carried  on  with  little  intermission.     As  the 
wind  and  swell  were  very  moderate  (although  we  were  here  almost  eoD- 
stantly  in  a  cold  damp  mist,  which  sometimes  gave  place  to  a  miuliog 
rain),  it  was  found  convenient  to  put  the  dredge  over  soon  after  midnigbti 
and  to  let  it  drag  until  about  4  a.m.,  hauling  it  in  at  the  beginniogof 
the  morning  watch.     In  this  manner  a  rich  harvest  was  frequently  ol»- 
tained.     The  general  results  of  our  Zoological  exploration  of  the  Cold 
Area  may  be  best  stated  hereafter  (§§  74-80)  in  a  collective  form. 

67.  As  we  wished  to  examine  the  shallow  bank  of  170  fathoms  in  the 
middle  of  the  Cold  area,  upon  which  we  dredged  last  year  ('  Lightning'  B^ 
port,  §  13),  our  course  was  now  directed  to  the  spot  on  which  it  had  been  laid 
down  in  the  Chart  of  the  '  Lightning '  Expedition ;  but  we  did  not  8Q^ 
ceed  in  falling-in  with  it.  The  explanation  of  our  failure  seems  to  lie  (1) 
in  the  extremely  limited  area  of  this  bank,  as  shown  by  the  great  depth  of 
water  found  in  the  '  Lightning '  soundings  on  either  side  of  it ;  (2)  in  the 
circumstance  that  both  last  year  and  this  year,  while  we  were  working  over  tUi 
ground,  the  sky  was  so  overcast  for  several  days  together,  that  it  was  iupoft* 
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the  place  either  of  the  '  Lightning  *  or  of  the  '  Porcupine '  bj  ob- 
■erratioo;  and  (3)  that  a  ''dead  reckoning"  cannot  be  keptwith  anyconsider- 
mbie  eiactness  when  the  ship  is  drifting  with  a  dredge  attached  to  it  during 
ft  great  part  of  the  twenty-four  hours. — Hence  either  the  pkce  of  the  bank 
may  not  have  been  precisely  laid  down  in  the  '  Lightning '  Chart ;  or  a 
eorrefpouding  error  of  a  few  miles  may  have  been  made  in  estimating  the 
place  of  the  *  Porcupine.'  How  exactly  accordant  were  the  points  deter- 
mined by  observation  in  the  two  Expeditions  is  shown  by  the  precision 
with  which  Captain  Calver  twice  placed  us  on  the  iZo/^fnta-ground 
(§§  6I9  86)j  though  approaching  it  in  each  case  in  a  direction  different 
from  that  in  which  we  came  upon  it  last  year. 

68.  Pursuing  our  exploration  about  thirty  miles  further  eastwards  in  the 
same  parallel,  we  sounded  on  the  afternoon  of  the  20th  in  580  fathoms 
(Station  59,  Lat.  60^  21',  Long.  5^41'),  and  found  the  bottom-temperature 
29^' 7»  which  was  nearly  the  lowest  anywhere  met  with.  From  this  point, 
which  was  on  the  line  of  Soundings  between  the  Orkney  and  Faroe  Islands 
previously  taken  in  the  '  Bull-dog,'  we  again  turned  our  course  northwards 
for  Thorshavn,  as  it  was  our  intention  to  make  this  our  point  of  departure 
for  the  exploration  of  that  north-easteni  portion  of  the  channel  which  lies 
between  the  Faroe  and  the  Shetland  Islands.  The  weather  having  now 
deared,  we  had  on  the  morning  of  Saturday  the  21st  a  most  beautiful  run 
akmg  the  series  of  remarkably  formed  islands  which  we  had  last  year  only 
seen  dimly  through  their  covering  of  mist ;  and  on  anchoring  at  Thorshavn 
in  the  afternoon,  we  received  a  cordial  greeting  from  our  excellent  friend 
Governor  Holten,  who,  having  been  forewarned  of  our  probable  visit,  and 
having  had  our  vessel  in  view  for  some  hours,  at  once  came  off  in  his  barge 
to  welcome  us. 

69;^  The  apparently  settled  state  of  the  weather  encouraged  us  to  hope  that 
we  might  be  able  to  avail  ourselves  of  this  opportunity  of  visiting  Myliug 
Head,  the  remarkable  precipice  which  forms  the  North-western  point  of 
Stromoe,  the  principal  island  of  the  Faroe  group,  and  which  falls  2100* 
feet  perpendicularly,  its  summit  even  slightly  overhanging  its  base,  so  that  a 
itone  let  fall  from  it  drops  into  the  sea  beneath.  On  inquiring  from  the 
Oovemor  as  to  the  best  means  of  carrying  our  wish  into  effect,  he  informed 
us  that  the  tide  runs  so  strongly  round  the  islands,  that  if  we  started  with  the 
morning  flood,  and  our  vessel  kept  its  speed  in  accordance  with  the  rate  of 
the  tidal  wave,  we  should  be  able  to  make  the  whole  circuit  in  six  hours;  but 
that  if  we  should  attempt  the  expedition  in  any  other  mode,  we  should  be  te- 
dioaaly  delayed  by  the  strength  of  the  opposing  tide.  As  we  learned  that  high 
water  would  occur  on  the  following  Monday  morning  at  4  o'clock f,  we  made 

*  The  height  of  Mjliog  Head  is  commonly  stated  at  2500  feet ;  but  the  above  esti- 
aute  is  based  ob  an  observation  made  a  few  years  since  with  an  Aneroid  barometer  by 
the  Aathon  of  **  The  Cruise  of  the  Yacht '  Maria '  among  the  Faroe  Islands." 

t  It  is  worthy  of  mention  that  a  discrepancy  between  the  Ship's  time  and  the  Island 
time  (u  indicated  by  the  Church  clock)  having  led  us  to  inquire  into  the  mode  in  which 
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our  arrangements  for  an  early  start ;  and  invited  our  kind  host  and  hostess  to 
give  us  the  pleasure  of  their  company.  The  fine  weather  huted  throughout 
Sunday,  two  consecutive  days  of  such  brightness  being  a  most  unusual 
occurrence  in  this  locality ;  but  early  the  next  morning  the  Faroese  cli- 
mate vindicated  its  character  by  a  copious  downpour  of  rain^  which  put  our 
start  at  4  o'clock  out  of  the  question,  and,  for  the  reason  just  mentioned^ 
obliged  us  to  give  up  the  excursion  altogether. 

70.  Our  good  fortune  in  regard  to  weather  returned  to  us  on  the  following 
day ;  when  we  left  Thorshavn  (Aug.  24th)  about  noon,  shaping  our  course 
about  East  by  South,  so  as  to  cross  the  channel  separating  the  Faroe  from 
the  Shetland  Islands,  the  depth  of  which  had  been  indicated  by  prerioaa 
Soundings  to  be  in  some  parts  considerable.  Our  first  two  Soundings 
showed  that  we  were  still  over  a  plateau  at  little  more  than  100  fathoms 
from  the  surface  ;  but  a  third  Sounding  taken  in  the  evening  after  a  run 
of  about  80  miles,  gave  us  a  depth  of  317  fathoms,  and  a  hottom-tem- 
perature  of  30°*  1.  It  became  evident,  therefore,  that  we  were  here  again 
in  the  course  of  the  frigid  stream ;  and  we  looked  with  much  interest  to 
the  phenomena  it  would  present  in  a  still  deeper  part  of  the  channeL 
Having  kept  the  same  course  under  easy  steam  during  the  night,  we  took  a 
Sounding  the  next  morning  at  Station  64  (Lat.  61^  2 1^  Long.  3^  44') ;  and 
found  that  the  depth  had  increased  to  640  fathoms,  and  that  the  bottom* 
temperature  was  somewhat  below  30°.  The  dredge  having  been  put  down, 
the  "  haul "  was  a  less  satisfactory  one  than  usual,  though  one  very  valuable 
specimen  (a  large  example  of  the  Pourtalesia  already  mentioned,  §  36)  was 
obtained  here ;  and  in  a  subsequent  trial  the  dredge  came  up  empty.  As 
this  result  appeared  due  to  the  circumstance  that  the  drift  of  the  ship  was  too 
great,  in  consequence  of  an  increase  of  wind  and  swells  to  permit  the  dredge 
to  hold  the  ground,  it  was  determined  to  devote  the  morning  to  a  series  of 
Temperature-soundings  taken  at  every  50  fathoms  from  the  surface  down- 
wards. This  was  very  satisfactorily  accomplished,  with  the  result  shown 
in  Table  I.  (p.  456),  from  which  it  appeared  that,  with  a  lower  surface- 
temperature  than  in  the  series  previously  taken  (§65),  the  rate  of  decrease 
during  the  first  150  fathoms  was  nearly  the  same,  but  that  the  rapid  descent 
of  the  thermometer  which  showed  itself  at  Station  52  between  200  and 
300  fathoms,  here  began  somewhat  earlier,  and  proceeded  somewhat  more 
gradually,  with  the  result,  however,  of  bringing  down  the  temperature  to 
32°  at  a  little  below  300  fathoms,  the  whole  of  the  water  beneath  that 

the  latter  was  regulated,  we  found  that  as  there  is  not  even  a  Sun-dial  in  the  Islands, 
the  time  u  kept  by  the  turn  of  the  tidett  the  periods  of  which  arc  precisely  known  for 
each  day  of  the  lunation.  As  nearly  ail  the  intercouse  between  different  villages  and  farm- 
houses is  carried  on  by  water,  and  as  every  Faroese  is  a  boatman  and  fisherman  as  weU 
as  a  farmer,  it  is  not  to  be  wondered  at  that  he  should  be  practically  versed  in  the  perio- 
dical changes  of  the  currents  by  which  his  power  of  locomotion  is  so  greatly  infloenced, 
and  that  these  should  take  the  place  of  the  meridian  passage  of  the  sui  (which  be  hai 
no  means  of  observing  with  precision)  as  his  best  time-regulators. 
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depth,  down  to  the  bottom  of  640  fathoms^  on  which  the  temperature  is 
3(f*,  being  of  icy  coldness. — ^Thus  the  entire  mass  of  water  in  this  channel 
is  nearly  equally  divided  into  an  upper  and  lower  stratum, — the  lower  being 
an  Arctic  Hream  (so  to  speak)  of  nearly  2000  feet  deep,  flowing  in  a  S.W. 
direction^  beneath  an  upper  stratum  of  comparatively  warm  water  moving 
dowly  towards  the  N.E. ;  the  lower  half  of  the  latter,  however,  having  its 
temperature  considerably  modified  by  intermixture  with  the  stratum  over 
which  it  lies. 

71  •  Keeping  still  on  the  same  course  through  the  following  night,  we  took 
a  Sounding  early  the  next  morning  (Station  65),  which  showed  that  we  had 
crossed  the  deepest  part  of  the  channel,  the  depth  having  here  diminished 
to  345  fathoms ;  the  bottom-temperature,  however,  was  still  most  charac- 
teristic of  the  Cold  area,  being  almost  exactly  30°,  the  lowest  we  had 
met  with  at  that  comparatively  moderate  depth.  This  circumstance,  taken 
in  connexion  with  the  earlier  descent  just  noticed,  corresponded  well  with 
the  fact  that  the  line  between  Lat.  61^  and  Lat.  62°  on  which  we  had 
now  crossed  this  channel,  is  nearer  the  source  of  the  frigid  stream  than  the 
lines  between  lat.  60^  and  60^°  in  which  we  had  at  first  traversed  it. 

72.  On  the  afternoon  of  the  same  day  (Aug.  26),  we  again  took  a  Sound* 
ing^  which  gave  us  the  still  further  diminished  depth  of  267  fathoms ;  and 
Iiere  (Station  66),  with  a  «ur/*ace-temperature  of  52^°,  which  was  but  slightly 
above  that  of  the  previous  Sounding,  we  found  the  5o^/om-temperature  to 
be  45^'7.  Now  this  was  very  nearly  12^  above  the  temperature  taken  at 
ike  eame  depth  at  Station  64  ;  whilst  it  was  nearly  16°  above  the  tempera* 
tnre  last  taken  on  a  bottom  only  78  fathoms  deeper,  at  a  Station  distant 
only  18  miles.  Even  this  slight  difference  of  depth,  however,  seems  fully 
adequate  to  explain  the  remarkable  contrast  between  the  bottom-tempera- 
tures of  these  two  Stations ;  for,  as  already  shown,  the  Arctic  stream,  in 
virtue  of  its  greater  Specific  Gravity,  occupies  only  that  portion  of  the 
channel  of  which  the  bottom  lies  below  about  320  fathoms'  depth,  so  that 
no  part  of  it  will  flow  over  that  portion  of  the  bank  of  the  channel  which 
has  a  depth  of  only  267  fathoms.  The  bottom  on  this  bank,  therefore, 
will  be  overlaid  by  the  upper  (warm)  stratum  alone ;  and  as  the  lower  half 
of  this  is  not  here  subjected  to  the  reduction  of  temperature  which  it  sustains 
when  underlaid  by  the  frigid  stream,  the  bottom  will  have  the  temperature 
characteristic  of  the  Warm  area,  though  not  geographically  included 
in  it* 

73.  By  the  next  morning  we  had  come  upon  the  shallow  plateau  on  which 
the  Shetland  islands  are  based ;  and  as  we  wished  to  examine  some  points 
in  the  Geographical  distribution  of  the  Fauna  inhabiting  this  locahty,  we 
ran  past  the  northern  point  of  the  group,  and  devoted  the  day  to  dredging 
at  about  thirty  miles  to  the  east,  on  what  is  known  as  the  Haaf,  or  deep-sea 
fishing-ground.  Our  dredging  on  this  plateau  was  not  very  productive 
as  regards  variety ;  but  it  brought  up  certain  types  in  such  extraordinary 
number  as  to  show  how  abundantly  they  must  be  diffused  over  the  Sea-bed, 
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The  most  remarkable  instance  of  this  occurred  in  regard  to  the  Xekumi 
NorvegicWf  a  small  sea-egg  about  the  sise  of  the  top  of  the  finger.  The 
"hempen  tangles"  came  up  so  laden  with  these,  that  a  Tevy  moderate 
estimate  would  place  the  number  obtained  in  one  **  haul"  at  2O»OOQ0  whilst 
some  of  our  party  deemed  it  to  be  nearer  50,000.  This  had  formeiiy  been 
accounted  a  rare  species,  of  which  it  was  considered  a  piece  of  good  fortune 
to  find  one  or  two  at  a  time,  and  was  first  met  with  in  abnndanee 
in  Mr.  Jeifreys*s  Shetland  Dredgings. — On  the  following  day  (Aug.  28th)  we 
anchored  in  Lerwick  harbour,  where  it  was  requisite  for  us  to  replenish  our 
coal,  as  well  as  to  obtain  a  further  supply  of  jars  and  spirit,  the  abondanee 
of  onr  collections  haying  nearly  exhausted  what  we  had  supposed  to  be  our 
ample  provision  of  both. 

74.  Without  entering  into  details  which  will  be  more  appropriately  gifca 
hereafter,  we  may  say  that  our  exploration  of  this  Cold  area,  wliidi  wt 
had  been  led  by  the  results  of  our  last  year's  dredging  to  regard  as  oonH 
paratively  poor  in  Animal  life  (as,  indeed,  we  should  still  have  believed  it 
to  be,  had  our  knowledge  of  its  Fauna  been  restricted  to  the  contents  ef 
the  Dredge,  instead  of  being  chiefly  obtained  by  the  instrumentality  of  our 
<' hempen  tangles"),  greatly  extended  our  ideas  of  the  conditions  of  animil 
existence ;  for  we  found  the  Sea-bottom,  at  depths  of  from  350  to  640 
fathoms,  at  a  temperature  at  or  below  the  freezing-point  of  fresh  water, 
almost,  if  not  quite,  as  thickly  covered  with  Animals  as  in  the  richest  paitl 
of  the  Warm  area.  These  animals  were  mostly,  however,  of  a  very  diflferent 
character.  In  the  first  place,  the  Glohigerina-mxidL  was  entirely  wantiii||^ 
its  presence  being  sharply  bounded  by  the  limit  of  the  Warm  area,  and  its 
composition  being  modified  even  on  the  borders  of  this  by  an  admixture  ef 
the  Sand  characteristic  of  the  Cold  area  (§  61).  Now  this  fact  appears 
to  be  a  conclusive  disproof  of  the  hypothesis  that  the  accumulation  of 
the  shells  of  Globiyerince  on  the  bottom  of  the  ocean  is  due  to  their  having 
fallen  to  the  bottom  after  death,  their  lives  having  been  passed  at  or  iiesr 
the  surface.  For  admitting  that  they  have  been  occasionally  captured 
by  the  tow-net*,  this  only  proves  that  they  can  float ;  whilst,  on  the 
other  hand,  our  examination  of  specimens  freshly  dredged  from  greet 
depths  enables  us  to  state  with  positiveness  that  their  sarcodic  bodies  present 
all  the  attributes  of  life  which  are  exhibited  by  those  of  the  l2o/a/uie  forms 
whose  attachment  to  solid  bodies  made  it  clear  that  they  must  pais  their 
lives  at  the  bottom,  and  of  the  Arenaceous  types  which  can  only  there 
obtain  the  materials  for  their  *'  tests."  Now  since,  as  we  have  repeatedly 
pointed  out,  the  «ur/*ac«-tempcrature  of  the  Cold  area  does  not  differ  from 
that  of  the  Warm,  and  this  equality  extends  to  the  first  1 50  or  200  fathoms, 
there  seems  no  reason  whatever  why  a  deposit  of  Globigerina-xnxidL  should 
not  take  place  on  the  bottom  of  the  Cold  area,  if  such  deposit  be  due  to 
the  accumulation  of  the  dead  shells  of  individuals  which  had  spent  their 

*  See  Major  Owen's  account  of  tbe  Surfiioe-Fauna  of  the  Atlantic ;  in  JToamal  ol  the 
linnetn  Society,  vol.  iz.  p.  147. 
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lives  at  or  near  the  surface.  W  lu-njis  it'  tlu-v  vimIIv  iuhahit  tlurinir  their 
lives  the  bottom  on  which  they  are  found  in  such  extraordinary  abundance, 
we  haye  at  once  the  explanation,  in  the  difference  of  temperature  between 
the  two  Areas,  of  their  definite  restriction  to  the  Warm  *. 

75.  The  simple  Protozoic  type  represented  by  the  Olobigerina,  how- 
ever, has  its  parallel  in  the  Cold  area,  though  presenting  itself  under  a 
very  different  aspect.     Every  Zoologist  now  recognizes  the  close  Physio- 
logical relationship  between  Foraminifera  and  Sponges,  notwithstanding 
their  wide  morphological  divarication ;   and  we  believe  them  to  agree  in 
this  most  important  particular, — that  the  animals  of  both  groups  are  capable 
of  obtaining  their  nutriment  by  the  imbibition  of  the  Organic  matter  dif- 
foied  through  sea-water  (§  23),  just  as  they  derive  from  the  same  source 
the  Carbonate  of  Lime  or  the  Silex  which  forms  the  Mineral  basis  of  their 
skeletons.      The  Sponges  of  the  Cold  area  were  very  diverse  in  type,  and 
wrnie  of  them  extremely  numerous  individually.     Magnificent  specimens 
of  most  of  the  species  hitherto  known  only  as  inhabitants  of  the  deep  water 
off  Shetland  were  found  to  be  very  generally  diffused ;    but  the  most 
peculiar  and  novel  type  of  this  group  was  met  with  at  our  very  entrance 
upon  the  Cold  area  (Station  52),  and  presented  itself  in  such  abundance 
at  almost  every  other  Station  having  the  same  bottom-temperature,  that 
we  came  to  look  upon  it  as  one  of  the  most  characteristic  inhabitants  of 
this  area,  covering  (as  it  seems  to  do)  hundreds  of  square  miles  of  the  Sea- 
bed.    This  Sponge  is  distinguished  by  the  possession  of  a  firm  branching 
axis,  of  a  pale  sea-green  colour,  rising  from  a  spreading  root,  and  extending 
Haelf  like  a  shrub  or  a  large  branching  Gorgonia,     The  axis  is  clothed  with 
the  soft  pale-yellow  sarcodic  substance  of  the  Sponge ;  and  both  axis  and 
sponge-substance  are  crowded  with  Siliceous  spicules,  resembling  those  of 
Btperia,  a  well-known  Mediterranean  and  Adriatic  form,  near  which  our 
Sponge  must  be  placed,  though  it  clearly  forms  the  type  of  a  new  genus. 
It  is  curious  that  scarcely  even  fragments  of  this  Sponge  came  up  in  the 
dredge,  our  specimens  being  almost  entirely  obtained  through  the  instru- 
mentality of  the  "hempen  tangles ''  attached  to  it.     We  had  last  year  ob- 
tained some  minute  fragments  of  the  axial  portions  of  the  branches  of  this 
Sponge ;  but  they  were  so  imperfect  that  we  had  not  been  able  to  make 
out  their  true  characters. 

76.  The  most  remarkable  Foraminifera  obtained  in  this  area  belonged  to 
the  Arenaceous  Order ;  and  it  is  singular  that  whilst  very  abundant  in  the 
localities  in  which  they  were  met  with,  they  seemed  very  restricted  in  Greogra- 
phical  range.    Thus  at  Station  51,  which  was  intermediate  between  the 

*  Mr.  Jeffreys  doeires  to  record  his  dissent  from  this  conclusion,  since  (from  his  own 
obMrvatkms,  as  well  as  those  of  Migor  Owen  and  Lieut  Palmer)  he  believes  Globifferina 
to  be  exclusively  an  Oceanic  Foraminifer  inhabiting  only  the  superOcial  stratum  of  the 
tea;  he  considers  also  that  the  strength  of  the  submarine  current  in  the  Cold  area  is 
sufficient  to  sweep  away  and  remove  these  very  slight  and  delicate  organisms.  Accord- 
ing to  him  the  protrusion  of  psoudopodia  is  the  only  satisfactory  proof  tliat  the  Glo» 
bigtfina  is  living. 
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Warm  and  the  Cold  area  (§  64),  the  "  tangles  "  brought  up  an  immense 
number  of  tubes  usually  from  |  uich  to  1  inch  long,  and  about  ^  of  an 
inch  in  diameter,  composed  of  sand-grains  cemented  together.      These 
tubes  often  presented  an  appearance  of  segmentation  externally  ;  and  they 
were  at  first  supposed  to  be  a  modification  of  the  straight  chambered 
Lituol€e  obtained  on  the  bank  of  the  Cold  area  last  year,  though  differing 
from  them  in  having  no  definite  prominent  mouth.     On  breaking  them 
open,  however,  it  was  found  tbat  the  cavity  b  not  divided  into  chamben 
by  interposed  septa,  as  in  Lituola,  but  that  it  is  continuous  throughout, 
though  traversed  in  every  part  of  its  length  by  irregular  processes  built  up 
partly  of  sand-grains  and  partly  of  sponge-spicules,  strongly  resembling  those 
which  have  been  recently  described  by  Mr.  Brady  in  the  gigantic  Foramini- 
feral  fossil  Lofixma,  and  which  present  their  most  symmetrical  arrangement 
in  the  yet  more  gigantic  fossil  Parkeria  described  in  the  same  Memoir  by  Dr. 
Carpenter*.  These  arenaceous  processes  lie  in  the  midst  of  the  sarcodic  body, 
which  fills  the  whole  of  the  cavity  without  any  division  into  segments^  and 
which  communicates  with  the  surrounding  medium,  at  what  appears  to  be 
the  free  extremity  of  the  tube,  by  irregular  spaces  left  between  the  agglu- 
tinated sand-grains  that  form  a  rounded  termination  which  nearly  doses 
it  in.    At  the  other  extremity,  however,  the  tube  is  so  uniformly  open  in 
the  numerous  specimens  that  have  been  examined,  and  so  generally  presents 
an  appearance  of  fracture,  that  there  seems  strong  ground  for  beliering 
that  this  type  (to  which  we  assign  the  generic  designation  Botellind)  must 
grow  attached  by  the  lower  end  of  its  tube  to  some  fixed  base.     It  is  rin- 
gular  that  while  this  fabric  presented  itself  at  no  neighbouring  Station,  the 
*'  tangles  "  brought  up  in  the  comparatively  shallow  water  near  Shetland 
a  number  of  tubes,  which,  though  of  somewhat  larger  size,  and  having 
their  sand-grains  yet  more  regularly  agglutinated,  presented  so  close  a 
general  resemblance  to  our  Botellinay  as  strongly  to  suggest  a  similarity  of 
character.     This  idea,  however,  was  soon  dispelled  by  further  examination ; 
for  the  tubes,  when  broken  open,  proved  to  be  as  smooth  internally  as 
they  were  externally,  and  to  be  lined  by  a  definite  membrane ;  in  addition 
to  which  they  were  freely  open,  and  their  edges  rounded  off,  at  what  ap- 
peared to  be  their  lost-formed  extremity  ;  so  that  there  remained  no  doubt 
that  they  had  been  constructed  by  some  Tubicolar  Annelid. — The  troe 
chambered  Lituolce  found  last  year  on  the  1 70  fathoms  bank,  in  the  Cold 
area  ('  Lightning'  Report,  §  13),  were  not  met  with  this  year;  but  mono- 
thalamous  ''tests,"  closely  resembling  them  in  external  appearance,  were 
obtained  in  abundance  at  Station  G4. — With  the  exception  of  these  ^reiia- 
ceous  types,  the  Foraminifera  met  with  in  the  Cold  area  were  not  remarkable 
either  for  number  or  variety ;  and,  as  compared  with  their  extraordinary 
abuYidance  in  the  Warm  area  (§  87),  were  rather  "conspicuous  by  their 
absence." 

77*  The  most  marked  feature  in  the  Fauna  of  the  Cold  area  was  undoubt- 

*  Philosophical  Transactions,  18C9,  p.  80G. 
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edij  its  extraordinary  richness  in  Echinoderms,  the  prevalent  types  hcing 
of  a  decidedly  Boreal  and  even  an  Arctic  character.  During  the  course  of  our 
exploration  we  met  with  nearly  all  the  memhers  of  this  group  which  have 
been  described  by  Scandinavian  naturalists  as  inhabiting  the  coast  and 
fiords  of  Norway ;  and  we  were  particularly  struck  with  the  abundance 
of  the  beautiful  Antedon  {Comatula)  Eschrichti,  which  has  hitherto  been 
obtained  only  from  the  neighbourhood  of  Iceland  and  Greenland.  On  the 
other  hand,  such  of  the  characteristically  Southern  forms  as  here  presented 
tjiemselves  were  so  reduced  in  size  that  they  might  almost  be  accounted 
specifically  distinct,  if  it  were  not  for  their  exact  conformity  in  general 
sCructarc ;  the  Solaster pappoea,  for  example,  being  dwarfed  from  sijp  inches 
in  diameter  to  iwo^  and  having  never  more  than  ten  rays,  and  the  Astera- 
eanikioH  violaeeus  and  Crihella  oculata  being  reduced  in  like  proportion. 
One  striking  feature  of  the  group,  however,  showed  no  modification.  The 
coloration  of  these  animals,  though  brought  up  from  a  depth  of  500  or  GOO 
Ikthoma,  was  as  rich  and  beautiful  as  that  of  their  littoriCi  representatives. 
Their  orange,  violet,  and  scarlet  blended  admirably  with  the  pale  green  of 
the  large  Sponge-stem  when  grouped  together  in  a  basin  of  water ;  and  we 
were  led  to  wonder,  on  the  one  hand,  how  such  vivid  hues  could  be  pro* 
doced  in  the  absence  of  light,  and,  on  the  other,  what  purpose  they  can  serve 
in  the  economy  of  animals  which  live  on  a  bottom  supposed  to  be  entirely  un- 
illumined  by  solar  rays,  and  which  only  exhibit  these  hues  when  brought 
within  reach  of  daylight.  Whilst  our  explorations  in  the  Cold  area  have  thus 
added  to  the  British  Fauna  a  large  number  of  types  of  J^cAt/io^/^rm^  which  had 
been  previously  supposed  to  lie  altogether  beyond  its  range,  they  have  also 
brought  up  several  forms  which  altogether  are  new  to  science,  some  of  them 
of  Tery  considerable  interest.  Thus  in  the  Shetland  channel  we  procured  a 
fbll-Bixed  specimen  of  the  remarkable  Clypeastroid  Ponrtaleaia,  of  which 
yoong  examples  had  been  obtained  in  the  First  cruise  (§  3G),  and  a  very 
lingular  Asterid  allied  to  Pteraster,  which  is  covered  with  a  regular  brush 
of  long  paxillm.  Since,  for  the  reason  formerly  mentioned,  we  liave  found 
oanelvea  precluded  from  dedicating  the  former  of  these  types  (as  we  had 
intended)  to  our  friend  Capt.  Calver,  we  propose  to  give  the  generic  name 
Caheria  to  the  latter,  with  the  specific  designation  hystrix. 

78.  Of  the  Crustacea  of  the  Cold  area,  many  are  most  distinctly  referable 
to  the  Fauna  of  Spitzbergen,  whilst  others  are  characteristically  Norwegian. 
We  were  struck  with  finding  attached  to  the  ''  tangles,"  on  nearly  every 
occasion,  numerous  specimens  of  very  large  Pycnogonids,  measuring,  when 
their  limbs  were  extended,  as  much  as  four  or  five  inches  across.  The 
comparatively  small  forms  of  these  animals  that  are  common  on  our  own 
shores  are  commonly  found  imbedded  in  the  gelatinous  layer  that  enve- 
lopes the  surfaces  of  Alga  ;  and  the  suctorial  character  of  their  mouths, 
taken  in  connexion  with  the  feebleness  of  their  locomotive  powers,  seems 
to  indicate  that  they  are  nourished  by  the  ingestion  of  this  material. 
Hence  it  is  probable  that  their  gigantic  representatives  living  on  the  Sea- 
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bottom  make  the  same  use  of  tbe  sarcodic  substance  of  the  8fomge9  and 
RhizopodB  which  they  there  meet  with  ♦. 

79.  The  Molluseoy  which  in  the  preceding  Cruises  usually  constituted  the 
principal  results  of  the  dredgings,  were  here  quite  subordinate,  as  rq;ards 
both  number  and  variety,  to  the  groups  already  alluded  to ;  and  the 
difference  between  the  Molluscan  Fauna  of  the  Cold  and  that  of  the  Warm 
area  was  not  by  any  means  as  great  as  was  shown  in  other  groups.  One 
of  the  most  interesting  types  which  we  met  with  was  a  Brachiopod  found 
living,  at  Station  65  in  the  Shetland  channel,  at  a  depth  of  345  fathoms^ 
and  a  bottom- temperature  of  30°,  viz.  the  Terebratula  aeptata  of  Philippi, 
=  7\  septigera  of  Lovdn.  A  variety  of  this  species,  from  the  Pliocene 
beds  of  Messina,  has  been  described  and  figured  by  Prof.  Seguenia  under 
the  name  of  Waldheimia  Peloritana ;  and  it  is  clearly  the  same  as  tbe 
Waldheimia  Floridana,  found  in  the  Gulf  of  Mexico  by  Pourtalea,  which 
our  own  numerous  specimens  so  considerably  exceed  in  size  as  to  show 
that  its  most  congenial  home  is  in  frigid  water.  A  single  specimen  was 
found  of  another  remarkable  Brachiopod,  the  Platydia  anamuAd^  of 
Scacchi  (or  Morrisia  of  Davidson),  hitherto  supposed  to  be  restricted  to  the 
Mediterranean.  Since  in  this  case,  also,  the  size  of  our  specimen  greatly 
exceeds  that  of  the  Mediterranean  examples  of  the  same  species,  being 
nearly  double,  the  presiHnption  is  strong  that  its  original  home  is  in  the 
Boreal,  perhaps  even  in  the  Arctic  region. 

80.  Only  a  small  number  of  Fishes  were  procured,  but  their  scarcity 
may  probably  have  been  chiefly  due  to  the  unsuitableness  of  the  dredges 
as  a  means  of  their  capture.  The  few  species  taken  have  been  examined 
since  our  return  by  Mr.  Couch.  The  list  includes  a  new  generic  form 
intermediate  between  Chimara  and  Macrourusy  which  was  brought  up  from 
a  depth  of  540  fathoms  in  the  cold  area  ;  a  new  species  of  a  genus  allied  to 
Zeus ;  a  new  Gadus  approaching  the  common  Whiting ;  a  new  species  of 
Ophidian  ;  the  type  of  a  new  genus  near  Cyelopterus ;  Blennius /ascimius 
(Bloch),  new  to  Britain  ;  Ammodytes  siculus ;  a  fine  new  Serranus ;  a  new 
Syngnathus-f  with  several  others,  which  will  be  described  in  full  here- 
after. 

8 1 .  Having  obtained  the  requisite  supplies  at  Lerwick,  we  lefl  the  harboor 
about  noon  on  the  31st  of  August,  and  ran  southwards  until  we  had  passed 
Sumburgh  Head,  when  we  steered  towards  the  west ,  our  object  now  being 
to  examine  the  southern  portion  of  the  channel  between  the  North  of 
Scotland  and  the  Faroe  islands  with  the  same  minute  attention  which  we 
had  previously  bestowed  on  its  northern  portion.  Early  the  next  morning 
we  sounded  (Station  71)  in  Lat.  60^  17',  Long.  2°  53',  and  found  the 
depth  to  be  103  fathoms,  and  the  bottom-temperature  48^*6,  the  tem- 

*  It  Beems  worth  wliilo  here  calling  to  mind  that  a  Fyenngonid  of  even  yet  inoi« 
gigantic  dimensions  was  among  the  specimens  obtained  bj  what  was  at  that  time  ood- 
iidered  very  deep  dredging  in  Sir  James  Ross's  AntarcUc  Expedition.  See  *  Light- 
ning' Report,  p.  178,  note. 
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peratore  of  the  aorface  being  52^-7.  In  the  afternoon  of  the  same  day 
(Station  74)  the  water  had  deepened  to  203  fathoms,  while  its  bottom- 
temperatare  had  diminished  to  47^' 6,  the  surface-temperature  being 
52*'*6.  Another  Sounding  (Station  75)  taken  only  two  and  a  half  hours 
later,  and  at  a  distance  of  no  more  than  10  miles  from  the  preceding,  gave 
a  depth  of  250  fathoms,  and  a  bottom-temperature  of  41^*9 — a  reduction 
which  clearly  showed  that  the  frigid  current  exerts  no  inconsiderable  in- 
flaence  in  this  locality,  the  temperature  at  Station  66,  at  the  slightly 
greater  depth  of  267  fathoms,  having  been  45^*  7.  Having  run  about  30  miles 
daring  the  night,  we  found  ourselves  early  the  next  morning  in  Lat.  60^  36', 
Long.  3^  58' ;  and  here  (Station  76),  with  a  surface-temperature  of  50^*3, 
we  found  the  bottom-temperature  29°' 7>  at  a  depth  of  344  fathoms,  as  at 
Station  65.  Keeping  on  our  westward  course  for  25  miles,  we  took  another 
Sounding  (Station  77)  at  noon  of  the  same  day,  which  gave  us  a  depth  of 
560  fathoms,  and  a  bottom-temperature  of  29^*8.  This  Station  was  only 
about  twelve  miles  to  the  S.S.E.  of  the  first  point  (Station  vi.)  at  which  we 
came  upon  the  Cold  area  last  year ;  and  it  was  interesting  to  have  so  com- 
plete a  confirmation  of  the  accuracy  of  that  observation,  which  had  given 
us  at  the  depth  of  510  fathoms  a  temperature  of  33^*7,  which,  when  cor- 
rected for  pressure,  would  be  31°* 6. 

82.  Changing  our  course  to  the  southward,  we  found  on  the  afternoon  of 
the  same  day  (Station  78),  after  a  run  of  about  20  miles,  that  the  depth 
had  diminished  to  290  fathoms,  and  that  the  bottom- temperature  had  risen 
to  41^*6;  from  which  it  appeared  that  the  influence  of  the  frigid  stream 
was  not  quite  so  great,  in  proportion  to  the  depth,  as  at  Station  75,  though 
itill  Tery  decided.  Keeping  on  to  the  southward  during  the  night,  we 
crossed  the  100-fathom  line,  and  found  ourselves  early  in  the  morning 
(SUtion  79)  in  Lat.  59°  49'  and  Long.  4^  42',  where  the  depth  was  only 
92  fathoms,  and  the  bottom-temperature  49°* 4,  with  a  surface-tempera- 
ture of  52°*3.  It  seemed  obvious,  therefore,  that  the  influence  of  the 
frigid  stream  did  not  extend  over  this  shallower  portion  of  the  bed  of  the 
ehannel ;  and  this  conclusion  was  conflrmed  by  the  Soundings  which  we 
took  at  short  intervals  after  altering  our  course  to  the  N.W.,  so  as  to  pass 
■gain  from  this  plateau  into  deep  water.  For  after  steaming  7  miles  wc 
found  the  depth  92  fathoms,  and  the  bottom -temperature  49°'4  ;  pro- 
ceeding 7  miles  further,  the  depth  was  found  to  have  increased  to  142 
fathoms,  while  the  bottom-temperature  was  still  49^*1 ;  but  a  continuance 
of  the  same  course  for  only  8  miles  showed  that  the  bottom  rapidly  de- 
scends here,  as  on  other  parts  of  the  southern  border  of  this  channel, 
the  depth  at  Station  82  having  increased  to  312  fathoms,  whilst  the  tem- 
perature fell  to  4 1^*3,  showing  a  very  precise  accordance  with  the  condition 
of  Station  78.  We  were  here  only  about  7  miles  to  the  S.E.  of  our 
last  year's  Station  vii.,  where  the  depth  was  500  fathoms,  and  the  bottom- 
temperature  32°'2,  which  when  corrected  for  pressure,  would  be  30°*  1  ;  and 
it  was  thus  very  interesting  to  see  how  considerably  the  bottom-temperature 
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varied  with  the  depth,  on  the  border  of  that  deeper  portion  of  the  chaniiel 
which  gives  passage  to  the  Arctic  stream.  In  order  to  test  this  yet  more 
completely,  we  proceeded  about  7  miles  to  the  northward  (Station  SS), 
so  as  to  be  almost  exactly  in  the  parallel  of  our  last  year*8  Station  vii.» 
but  about  7  miles  to  the  eastward  of  it ;  and  here  we  found  the  depth  to 
have  increased  to  3G2  fathoms,  while  the  bottom- temperature  had  fallen  to 
37*^*5.  Comparing  this,  however,  with  the  bottom- temperature  of  29*''7i 
found  at  Station  76,  at  which  the  depth  was  rather  less,  it  became  obvioiis 
that  the  influence  of  the  warm  surface-current  here  extends  to  a  greater 
depth. 

83.  Again  changing  our  course  to  the  S.W.,  in  a  direction  nearly  parallel 
to  the  1 00-fathom  line,  so  as  to  bring  us  to  a  part  of  the  area  not  previouily 
surveyed,  we  took  a  Sounding  (Station  84)  early  in  the  morning  of  Satnrday, 
Sept.  4th,  in  Lat.  59"  34',  and  Long.  6""  34';  and  found  the  depth  to  be 
155  fathoms,  and  the  bottom-temperature  4§°'l,  showing  that  we  were 
again  on  a  portion  of  the  southern  bank  too  near  the  surface  to  be  affected 
by  the  frigid  stream.  And  as,  on  sounding  again  (Station  85),  after  haying 
run  G  miles  in  a  northerly  direction,  we  found  the  bottom-temperature  to 
have  only  fallen  to  48°*  7>  while  the  depth  had  increased  to  190  fathoms, 
it  was  obvious  that  the  same  condition  still  existed.  A  further  ran  of 
only  8  miles  northwards,  however,  brought  us  suddenly  into  the  Arctic 
stream ;  the  depth  (Station  86)  being  here  445  fathoms,  and  the  bottom- 
temperature  30°' 1. — These  very  rapid  changes  of  Submarine  Climate  an 
of  extreme  interest  in  a  variety  of  ways,  but  especially  in  their  Zoologicil 
and  Palscozoological  relations,  as  will  be  shown  hereafter. 

84.  As  we  were  now  again  approaching  a  part  of  the  Area  which  had 
been  previously  explored  with  sufficient  minuteness  for  our  present  purpoee, 
and  as  we  desired  to  extend  our  survey  into  a  part  of  the  Warm  area  re- 
moved from  the  immediate  influence  of  the  Arctic  stream,  our  ship's  head 
was  kept  to  the  westward  without  any  stoppage  until  the  morning  of  Mon- 
day, Sept.  6th;  when  we  reached  Long.  9°  11'  in  Lat.  59^  35',  this 
point  being  about  24  miles  to  the  south  of  Station  ziv.  in  our  last  year's 
Cruise.  Here  a  Sounding  gave  us  (Station  87)  a  depth  of  767  fathoms, 
and  a  bottom-temperature  of  41^*5  ;  and  as  it  thus  became  obvious  that 
we  were  in  the  Warm  area,  we  thought  it  desirable  to  obtain  a  set  of  serial 
Soundings,  for  comparison,  on  the  one  hand,  with  those  obtained  on  the 
Cold  area,  and,  on  the  other,  with  those  taken  in  the  former  Cruises  at 
similar  depths  on  the  border  of  the  North  Atlantic  basin. — ^The  results  of 
these  Soundings,  given  in  Table  I.,  p.  456,  will  be  discussed  hereafter; 
and  at  present  it  will  be  sufficient  to  state  that  while  they  show  that  the 
influence  of  the  Warm  stream  here  extends  through  the  entire  depth,  they 
also  indicate  that  this  is  modified  below  500  fathoms  by  the  frigid  stream ; 
the  depression  of  temperature  between  500  and  600  fathoms  being  almost 
exactly  equal  to  that  which  presented  itself  between  100  and  500  fathoms. 
-T-Our  dredge  here  came  up  with  the  extraordinary  load  mentioned  in  the 
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Introduction  (§  8)  as  having  severely  tested  the  efficiency  of  our  donkey- 
engine  ;  which,  however,  proved  equal  to  its  work,  and  landed  on  our  deck 
kaffa  ton  of  Globifferina-oote,  here  showing  very  little  intermixture  with 
sand.  Like  our  similar  haul  at  Station  xvi.  last  year,  however,  this  mass 
contained  hut  a  small  amount  of  the  higher  forms  of  Aunimal  life ;  and  as 
a  continuance  of  our  course  still  further  west  did  not  seem  likely  to  furnish 
any  additional  results  of  importance,  and  as  there  would  have  been  a  risk 
of  exhausting  our  coal  in  steaming  against  a  head-wind,  we  thought  it 
better  to  change  our  course  towards  Stomoway,  taking  a  direction  that 
should  bring  us  again  on  the  ground  which  we  had  previously  found 
most  productive.  In  the  afternoon  of  the  same  day  we  took  another 
Sounding  in  Lat.  59^  26'  and  Long.  8^  23',  on  the  line  of  our  outward  track 
in  the  second  part  of  the  '  Lightning '  cruise  last  year,  so  as  to  establish 
the  depth  and  temperature  at  an  intermediate  point  between  two  distant 
■tations ;  and  we  here  (Station  88)  found  the  depth  to  be  705  fathoms, 
and  the  bottom-temperature  42^' 6,  thus  showing  a  close  accordance  with 
the  nearest  Soundings  previously  taken. 

85.  Continuing  our  easterly  course  during  the  night,  but  making  slightly 
to  the  northward,  so  as  once  more  to  come  upon  the  Hoi  tenia- ground,  we 
■ounded  early  the  next  morning  (Sept.  7)  in  Lat.  59^  38',  Long.  7°  46' ; 
and  found  (Station  89)  that  the  depth  had  diminished  to  445  fathoms, 
whikt  the  temperature  had  risen  to  4.5^*6, — thus  confirming  by  bat  torn- 
foundings  the  inference  we  had  been  led  to  draw  from  the  «ma/ soundings 
taken  at  Station  87),  that  the  influence  of  the  frigid  stream  is  exerted  even 
in  the  Warm  area  at  depths  greater  than  500  fathoms,  in  depressing  the 
temperature  of  the  body  of  water  which  it  there  meets,  and  with  which  it 
mixes.  Another  Sounding  taken  after  a  further  run  of  7  miles  in  the 
nme  direction,  which  brought  us  very  near  to  Station  49,  gave  a  similar 
depth  and  temperature ;  but  the  character  of  the  bottom  now  indicated 
the  proximity  of  the  Cold  area,  the  Glohigerina-ooza  being  here  mingled 
with  Sand. 

86.  We  now  changed  our  course  to  the  S.E.,  and  after  steaming 
abont  ten  miles,  put  down  our  dredge  with  its  "hempen  tangles"  upon 
what  we  were  assured  by  Capt.  Cnlver  was  the  spot  (as  nearly  as  it  could 
be  determined)  upon  which  we  had  made  the  first  deep-sea  dredging  in 
this  Cruise  (§  61)  ;  and  the  result  of  this  last  visit  to  our  favourite  ground 
was  such  as  to  surpass  our  most  sanguine  expectations.  For  the  dredge 
and  the  tangles  alike  came  up  laden  with  such  a  collection  of  the  *'  trca- 
fores  of  the  deep,"  as  we  feel  quite  safe  in  asserting  had  never  before  been 
bronght  to  the  surface  on  any  one  occasion, — almost  every  specimen  being 
•nch  as  would  be  accounted  an  important  acquisition  to  Museums  already 
most  complete.  Holtenias  there  were  by  the  bucketful ;  IJyalonemata 
(one  of  them  a  new  species)  with  their  "flint-rope  "  covered  with  the  pa- 
rasitic Palythoa,  and  bearing  at  their  summit  the  living  Sponge  of  winch 
the  **  flint-rope  "  constitutes  the  radix  ;  the  beautiful  Tisiphonia,  or  mush- 
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room-shaped  Sponge,  in  abundance;  Adrtuia  infkndiMmm,  another 
Vitreous  Sponge  allied  to  Hyalonema ;  and  other  types  of  the  aame  groop 
not  yet  described.  The  Echinodermata  also  were  yery  nutnerons,  and 
many  of  them  Tery  large ;  and  they  presented  a  great  Tarietj  of  most 
interesting  types,  nearly  all  of  them  being  new  to  the  British  Fauna, 
though  many  had  been  previously  described.  It  was  especially  interesting 
to  note  the  very  marked  difference  between  the  Echinoderm^Ftmna  of 
this  region  and  that  of  the  Cold  area.  With  the  exception  of  a  few  speciei 
which  seem  able  to  maintain  their  existence  through  almost  any  range  of 
depth  and  temperature,  they  were  all  diverse  ;  and  whilst  the  mixture  of 
decidedly  Arctic  forms,  and  the  dwarfing  of  Southern  types,  gave  a  deci- 
dedly Boreal  character  to  the  Fauna  of  the  Ck)ld  area,  there  was  here  t 
mixture  of  fully  developed  Southern  types,  among  them  a  Stichaster  either 
identical  with  or  closely  allied  to  a  species  described  from  Madeira.  Bat 
the  specimen  of  this  group  most  interesting  to  us  (perhaps  the  most  re- 
markable capture  made  in  the  whole  of  our  Cruise)  was  a  large  Echinid 
allied  to  Astropyga  (belonging  to  the  Family  Biademidte),  having  a  per- 
fectly soft  and  flexible  test ;  the  plates  of  the  corona,  though  retaining  their 
normal  number  and  arrangement,  being  very  thin  and  slightly  separated 
from  one  another  by  the  interposition  of  a  flexible  perisome,  so  that  the 
test  resembled  an  armour  of  chain-mail,  instead  of  the  cuirass  with  which 
the  ordinary  Echinida  are  enveloped.  Two  specimens  of  this  remarkable 
type  were  obtained, — a  perfect  one  at  Station  89>  and  another,  considerably 
injured,  but  still  serving  for  anatomical  investigation,  on  our  HolteHia- 
ground.  The  perfect  specimen  is  about  5  inches  in  diameter,  and  oft 
brilliant  shade  of  crimson,  altogether  a  most  striking  object.  This  form 
at  once  recalled  the  very  singular  fossil  from  the  White  Cbalk,  two  speci- 
mens of  which  arc  in  the  British  Museum,  described  by  the  late  Dr.  S.  P. 
Woodward  under  the  name  of  Echinothuria  Jloris ;  and  though  we  wonld 
not  affirm  the  actual  identity  of  the  existing  form  with  the  old,  there  can 
be  no  doubt  of  their  very  close  affinity,  and  of  the  persistence  of  this  re- 
markable type  of  structure  from  the  Cretaceous  to  the  present  epoch. — 
Here  also  we  obtained  a  specimen  of  almost  the  only  one  of  the  Scandi- 
navian Starfish  that  we  had  not  met  with  on  British  ground,  the  Aaterany* 
Lov4ni,  a  very  interesting  modification  of  the  Astrophytan  type,  having  the 
same  general  plan  of  structure,  but  having  the  arms  simple,  insteiui  of 
being  subdivided  in  the  manner  which  has  given  occasion  to  the  designation 
Gorgonocephalu8,  It  is  not  a  little  curious  that  a  dredging  we  subse- 
quently took  in  the  Minch,  near  the  eastern  shore  of  Skye,  brought  up 
six  specimens  of  this  rare  Echinoderm,  thus  confirming  a  surmise  pre- 
viously formed,  that  the  careful  exploration  of  that  channel  would  show 
that  many  types  would  be  there  found  which  have  been  hitherto  supposed 
to  be  peculiar  to  Norway. 

87.  The  Foramini/era  obtained  on  this  and  the  neighbouring  parts  of  the 
Warm  area  presented  many  features  of  great  interest.     As  already  stated 
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(§  61),  several  Jrenaceoue  formi  (some  of  them  new)  were  extremely  abun- 
dant ;  but  in  additiou  to  these  we  found  a  great  abundance  of  Miliolinea 
of  Tarious  types,  many  of  them  attaining  a  very  unusual  and  some  even  an 
unprecedented  sise.  As  last  year^  we  found  Comuspira  resembling  in 
general  aspect  the  large  Operculinte  of  tropical  seas,  and  Biloculinne  and 
Tri/oculina  far  exceeding  in  dimensions  the  littoral  forms  of  British  shores ; 
and  with  these  were  associated  CristellaritB  of  no  less  remarkable  size, 
presenting  every  gradation  fro^n  an  almost  rectilineal  to  the  Nautiioid  form, 
and  having  the  animal  body  in  so  perfect  a  state  as  to  enable  it  to  be  com- 
pletely isolated  by  the  solution  of  the  shell  in  dilute  acid. — It  is  very  in- 
teresting to  remark  that  certain  forms  of  this  CrUtellarian  type  are  among 
the  most  characteristic  Foramiuifera  of  the  Cretaceous  as  well  as  of  various 
Tertiary  deposits ;  and  the  similarity  of  some  of  these  to  existing  forms 
is  so  close,  that  the  continuity  of  the  type  from  the  Cretaceous  epoch  cannot 
be  reasonably  questioned.  It  is  further  interesting  to  note  that  it  has  a 
great  bathymetrical  range,  no  difference  showing  itself  between  the  Crt>- 
teiiariana  of  our  Warm  area  and  those  found  in  the  preceding  Cruises 
at  nearly  three  times  the  depth. — The  continuity  of  Foraminiferal  life  is 
farther  indicated  by  the  occurrence  in  the  Globigerina-oozt  of  a  number 
of  Roialian  forms  which  are  peculiarly  characteristic  of  the  Fauna  of 
the  Cretaceous  period. 

88.  The  cumulative  evidence  which  we  have  thus  obtained  in  support  of 
the  hypothesis  advanced  last  year  ('Lightning'  Report,  p.  193)  as  to  the 
uninterrupted  continuity  of  the  Cretaceous  deposit  on  the  North- Atlantic 
Scabbed  from  the  epoch  of  the  Chalk-formation  to  the  present  time,  will  be 
more  fully  discussed  hereafter.  But  as,  with  the  exception  of  the  subse- 
quent dredging  in  the  shallow  waters  of  the  Minch  already  referred  to 
(§  86),  our  Zoological  exploration  of  the  sea-bottom  came  to  a  conclusion 
with  the  extraordinary  climax  just  described,  we  may  here  mention  an  idea 
which  formed  the  subject  of  much  discourse  between  us  at  this  period. 

89.  It  is,  we  believe,  the  general  creed  of  modern  Geologists,  that  all 
Calcareous  rocks  have  had,  either  directly  or  indirectly,  an  Organic  origin  ; 
and  that  the  most  perfectly  mineralized  condition  of  such  rocks  affords  no 
evidence  to  the  contrary,  there  being  abundant  evidence  that  all  traces  of 
organic  structure  may  be  completely  obliterated  by  subsequent  metamor- 
phic  action.  Thus  upheaved  masses  of  recent  Coral  arc  frequently  converted 
into  aubcrystalline  Limestone,  the  organic  origin  of  which  would  not  be 
recognised  by  any  feature  in  its  molecular  arrangement  or  composition ; 
whilst  a  change  often  presents  itself  (as  on  the  Antrim  Coast)  of  a  true 
Chalk  into  a  aubcrystalline  Marble,  under  the  combined  influence  of  the 
heat  and  pressure  occasioned  by  the  intrusion  of  Volcanic  rocks.  Now 
since  there  can  be  no  question  that  the  Chalk-formation  in  its  entirety  owes 
its  origin  chiefly  to  the  accumulation  on  the  deep-sea  bottom  of  the  shells, 
or  their  d^ris,  of  successive  generations  of  Foramini/era  which  lived  and 
moved  and  had  their  being  there, — and  since  there  can  be  as  little  question 
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that  there  must  have  been  deep  seas  at  all  Greological  periods^  and  that  the 
changes  which  modified  the  climate  and  depth  of  the  sea-bottom  were  for 
the  most  part  verj  gradual, — the  question  naturally  arises  whether  we 
may  not  carry  back  the  continuity  of  the  accumulation  of  the  Foraminiferal 
ooze  on  some  part  or  other  of  the  Ocean-bed  into  Geological  epochs  much 
more  remote,  and  whether  it  has  not  had  the  same  large  share  in  the  pro- 
duction of  the  earlier  Calcareous  deposits  that  it  has  undoubtedly  had 
in  that  of  the  later.  Though  it  is  altogether  beyond  doubt  that  some 
beds  of  Carboniferous  Limestone  (for  example)  were  simply  Coral  reefs^ 
covered  with  waving  Crinoids  and  swarming  with  Brachiopod  and  other 
Mollusks,  there  are  other  parts  of  this  formation  which  seem  to  have  been 
deposited  in  much  deeper  waters ;  and  tu  these  we  should  be  inclined  to 
ascribe  a  Foraminiferal  origin.  This  hypothesis  seems  not  only  probable 
on  general  grounds,  but  is  supported  by  several  remarkable  facts.  It  has 
long  been  known  that  certain  beds  of  Limestone  of  Carboniferous  age,  in 
Russia  and  elsewhere,  are  almost  entirely  made  up  of  an  a^regation  of 
Foraminiferal  shells  belonging  to  the  genus  Fusulina*;  and  Prof.  Phillips 
has  described  under  the  name  Endothyra  Bowmanni'f  a  Foraminiferal  type 
which  seems  nearly  allied  to  Fusulina,  and  which  he  states  to  occur  in  great 
abundance  with  Textularia  in  the  Mountain-limestone  beds  of  the  North  of 
England.  Again,  Mr.  U.  B.  Brady  has  lately  shown  us,  in  a  thin  layer  of 
Clay  occurring  in  the  midst  of  Carboniferous-limestone  beds  near  Newcastle, 
an  accumulation  of  Arenaceous  Foraminifera  closely  corresponding  in  type 
with  the  Saccammina  of  Sars,  which  we  found  to  be  abundant,  in  many  of 
the  deeper  dredgings  of  the  earlier  Cruises,  on  the  eastern  border  of  the 
North- Atlantic  Sea-bed. — To  this  question,  however,  we  shall  recur  in 
the  discussion  of  the  General  Results  of  our  Deep-Sea  explorations. 

90.  Thoroughly  well  satisfied  with  the  success  of  our  third  Cruise,  both 
in  the  confirmation  and  extension  it  afforded  of  the  conclusions  as  to  the 
climate  we  had  ventured  to  draw  from  the  comparatively  few  and  scanty 
data  we  had  obtained  last  year,  and  in  the  large  mass  of  Zoological 
novelties  we  had  collected,  we  now  made  for  Stornoway,  and  arrived  there 
on  the  evening  of  Wednesday,  September  8th.  If  we  had  been  free  to 
dispose  of  the  '  Porcupine,'  we  might  have  taken  the  opportunity  of  con- 
necting the  Third  with  the  First  Cruise,  by  exploring  the  deep  bottom  to 
be  found  about  200  miles  to  the  west  of  the  Hebrides,  as  far  south  as  the 
Rockall  bank,  which  had  been  the  northern  limit  of  the  First  Cruise. 
But  as  our  vessel  was  under  orders  to  make  a  Ilydrographic  Survey  in  the 
neighbourhood  of  Valentia,  as  soon  as  the  scienti6c  work  of  our  Expedi- 

*  The  true  xoological  position  of  thU  Genus,  at  present  onlj  known  as  a  CarboiiifeRNif 
tjpe,  has  lately  been  settled  bj  the  microscopic  examination  of  the  minute  structure  of 
the  shell  of  specimens  preserved  in  a  clayey  stratum  of  the  Carboniferous  series  in  Iowa, 
U.S.,  kindly  forwarded  to  Dr.  Carpenter  by  Mr.  Meek,  of  Washington.  See  the  Monthly 
Microscopical  Journal  for  April,  1870. 

t  Proceedings  of  the  Geological  and  Polytechnic  Society  of  Yorkshire,  18i6»  p.  227. 
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tion  should  hare  l>een  accomplished,  we  did  not  feel  justified  in  interfering 
with  that  dnty ;  since  we  had  no  reason  to  anticipate  that  such  exploration 
woold  add  anj  scientific  results  of  importance  to  those  we  had  alreadj 
obtained.  After  coaling  and  refitting  at  Stomowaj,  therefore,  we  pro- 
ceeded direct  to  Belfast,  where  we  landed  our  collections,  and  took  our 
leave  of  the  '  Porcupine  *  and  her  highly  valued  Captain  and  Oflficers,  with 
an  earnest  hope  that  we  may  again  be  brought  into  the  same  congenial 
companionship  and  hearty  cooperation  in  future  explorations  of  the  like 
kind. 

GENERAL  RESULTS. 

Physics  and  Chemistry. 

[For  this  portion  of  the  Report,  Dr.  Carpenter  holds  himself  specially 
responsible;  his  Colleagues,  while  concurring  generally  in  his  views, 
being  desirous  of  reserving  their  liberty  to  dissent  from  some  of  his 
conclusions.] 

9 1 .  Among  the  most  important  results  of  the  *  Lightning  *  Expedition  was 
the  discovery  of  the  fact  that  two  very  different  Submarine  Climates  exist 
in  the  deep  channel  (from  500  to  600  fathoms)  lying  E.N.E.  and  W.S.W. 
between  the  North  of  Scotland  and  the  Faroe  banks ;  a  minimum  tempe- 
rature of  32^  being  registered  in  some  parts  of  this  channel,  whilst  in 
other  parts  of  it,  at  the  same  depths,  and  with  the  same  surface-tempera- 
ture (never  varying  much  from  52°)  the  minimum  temperature  registered 
was  never  lower  than  46^,  thus  showing  a  difference  of  at  least  14^. 
Though  it  could  not  be  positively  asserted  that  these  minima  were  the 
M/o»t-temperatures  of  the  Areas  in  which  they  respectively  occurred,  it  was 
argued  that  they  must  almost  necessarily  be  so :  Jirst,  because  it  is  highly 
improbable  that  Sea-water  at  32°  should  overlie  water  at  any  higher  tem- 
perature, which  is  specifically  lighter  than  itself,  unless  the  two  strata 
hare  a  motion  in  different  directions  sufhciently  rapid  to  be  recognizable ; 
and  seeondf  because  the  nature  of  the  Animal  life  found  on  the  bottom  of 
the  Cold  area  exhibited  a  marked  correspondence  with  its  presumed  de- 
pression of  temperature,  whilst  the  drift  of  which  its  Sea-bed  is  composed 
includes  particles  of  distinctly  Yolcanic  minerals,  probably  derived  from 
a  northern  source,  —  the  Sea-bed  of  the  Warm  area,  on  the  other 
hand,  being  essentially  composed  of  Globit/erina-mud,  and  supporting  a 
Fauna  of  a  warmer  temperate  character. — This  conclusion,  it  is  obvions, 
would  not  be  invalidated  by  any  error  arising  from  the  effect  of  Pressure 
on  the  bulbs  of  the  Thermometers  ;  since,  although  the  actual  temperatures 
might  be  (as  was  then  surmised)  from  2°  to  4^  below  the  recorded  tempera- 
lures,  the  difference  between  them  would  remain  unaffected,  the  pressure 
exerting  exactly  the  same  influence  at  the  same  depth,  whether  the  Sound- 
ings were  taken  in  the  Cold  or  in  the  Warm  area. 

92.  The  existence  in  the  Cold  area  of  a  minimum  temperature  of  32^, 
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with  a  Faana  essentialiy  Boreal,  could  not,  it  was  argaed,  be  aoeoimted  for 
in  anj  other  way  than  bj  the  aapposition  of  an  under-onrrent  of  Polar 
water  coming  down  from  the  North  or  North-eaat;  whilit^  oonTenelj, 
the  existence  in  the  Warm  area  of  a  ndnimuM  temperature  of  46%  cs- 
tending  to  500  or  600  fathoms'  depth  in  the  Latitude  of  60^  (of  which  the 
normal  deep-water  temperature  would  be  at  least  8^  leas),  together  with 
the  warmer  temperate  character  of  its  Fauna,  seemed  equally  indicatife  of 
a  flow  of  Equatorial  water  from  the  South  or  South-west.     How  far  this 
flow  is  part  of  the  *'  Gulf-stream"  proper, — that  is,  of  the  current  of 
heated  water  which  issues  through  the  *' Narrows"  from  the  Gulf  of 
Mexico, — or  is  attributable  to  some  more  general  cause,  was  reserred  as  a 
matter  still  open  to  discussion ;  but  it  was  urged  that  the  existence  of  two 
such  different  Submarine  Climates  in  such  close  proximity  may  be  taken 
as  an  example  of  that  continual  interchange  between  the  Ocean^waten  of 
Equatorial  and  Polar  regions,  which  is  as  much  a  Physical  necessity  ai 
that  interchange  of  Air  which  has  so  large  a  share  in  the  production  of 
winds.     For  the  water  that  is  cooled  by  the  Polar  atmosphere  moat  sink 
and  displace  the  water  that  is  warmer  than  itself,  pushing  it  away  towardi 
the  Equator,  so  that  in  the  deepest  parts  of  the  Ocean  there  will  be  a  pro* 
gressive  movement  in  the  Equatorial  direction ;  whilst,  conversely,  the  water 
heated  by  the  Tropical  sun,  being  the  lighter,  will  spread  itself  north  and 
south  over  the  surface  of  the  ocean,  and  will  thus  move  towards  the  PoUr 
regions,  losing  its  heat  as  it  approaches  them,  until  it  is  there  so  much 
reduced  in  temperature  as  to  sink  to  the  bottom,  and  thence  return  towardi 
Its  source. 

93.  The  doctrine  of  the  Warm  and  Cold  Areae,  and  of  the  probable 
source  of  their  difference,  has  been  fully  and  carefully  tested  by  the  Tempe< 
raturc-soundings  taken  during  the  Third  Cruise  of  the  *  Porcupine;'  and 
the  result  has  been  a  complete  confirmation  of  it  in  every  particular; 
whilst  an  entirely  new  and  important  set  of  data  has  been  aflbrded  by  the 
Temperature-soundings  taken  during  the  First  and  Second  Cruises,  in 
support  of  the  doctrine  that  a  general  interchange  of  Equatorial  and  PoUr 
waters  is  continually  taking  place  in  the  great  Oceanic  basins. 

94.  The  total  number  of  Temperature-soundings  taken  during  the  'Light- 
ning* Expedition^  in  water  of  more  than  100  fathoms'  depth,  was  only  15  { 
of  which  8  were  in  the  Warm  area,  and  6  in  the  Cold.  These  were  all 
Bottom-soundings  only.  The  total  number  of  Stations  at  which  Tern* 
perature-soundings  were  taken  during  the  Third  Cruise  of  the  'Porcupine,' 
in  water  of  more  than  100  fathoms,  was  36;  of  these,  17  were  in  the 
Cold  area,  and  14  in  the  Warm,  whilst  5  showed  an  intermediate  range, 
in  accordance  with  their  border  position.  But  besides  these  Bottom* 
soundings^  Serial  Soundings  were  taken  at  different  depths  in  three 
Stations ;  of  which  No.  87  was  in  the  Warm  area,  and  Nos.  52  and  6A 
in  the  Cold.  In  the  frst  of  these,  which  was  at  a  point  about  125  miles 
to  the  N.W.  of  Stomoway,  the  temperatures  were  taken  at  50,  100,  150, 
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200,  300»  400,  500»  600»  and  767  fathoms  (bottom)  respectively,  with  the 
result  of  showing  a  reduction  of  only  1 1^*2  at  the  last-mentioned  depth ; 
in  the  eeeond^  which  was  near  the  S.E.  border  of  the  Faroe  Bank,  the 
temperature  was  taken  at  every  50  fathoms  down  to  300,  and  then  at  384 
fathoms  (bottom),  showing  a  reduction  of  2 1^*5 ;  while  in  the  thirdy  which  was 
nearly  midway  between  the  Faroe  and  the  Shetland  Islands,  the  temperature 
was  taken  at  every  50  fathoms  down  to  600,  and  then  at  640  fathoms 
(bottom),  showing  a  reduction  of  20^*  1 .  Of  these  Serial  Soundings  there 
were  in  all  26,  making,  with  the  36  Bottom-soundings,  a  total  of  62. 

95.  With  these  results,  obtained  with  Thermometers  upon  which  complete 
reliance  can  be  placed,  those  obtained  last  year  with  the  best  ordinary 
Tliermometers  are  found  to  be  in  close  accordance,  when  the  proper  cor- 
rection for  pressure  is  applied  to  them.  Thus  No.  47  Sounding  of  the 
'Porcupine'  having  been  taken  in  almost  exactly  the  same  spot  of  the 
Warm  area  as  No.  xii.  of  the  *  Lightning/ — namely,  on  what  we  now 
call  the  '<i7o/^mta-gronnd"  ($  61),— the  former  gave  43^*8  as  the  mint- 
Mann  temperature  at  542  fathoms,  while  the  latter  gave  47^*3  as  the  mini- 
mum  at  530  fathoms :  and  the  difference  of  3^*5  exceeds  by  scarcely  more 
than  a  degree — which  may  be  a  mere  seasonal  variation — the  error 
(about  2^*1)  which  the  pressure  of  water  at  that  depth  would  produce 
in  the  unprotected  thermometers.  On  the  other  hand.  No.  55  Sound- 
ing of  the  *  Porcupine'  having  been  taken  in  the  same  part  of  the 
Cold  area  as  No.  viii.  of  the  'Lightning,' — the  distance  between  the 
two  being  only  about  8  miles, — the  former  gave  29^*8  as  the  minimum 
at  605  fathoms,  while  the  latter  gave  32^  as  the  minimum  at  550 
fathoms ;  and  the  difference  of  2^*2  is  exactly  equivalent  to  the  correc- 
tion for  pressure  at  that  depth  in  the  unprotected  thermometers.  Thus 
the  difference  between  the  two  'Lightning'  Soundings  in  the  Warm 
and  Cold  areas  respectively  having  been  15^*3,  the  difference  between 
the  two  corresponding  '  Porcupine'  Soundings  was  14^.  This  very  near 
accordance  gave  us,  of  course,  a  feeling  of  great  satisfaction  in  our  last 
year's  work ;  and  it  fully  justified  our  conclusion  that  whatever  might  be 
the  pressure-correction  required  by  the  instruments  then  employed,  it 
would  not  affect  the  differenccB  obtained  at  nearly  approximating  depths. 
It  further  justifies  us  in  assuming  the  correctness  (when  thus  rectified)  of 
the  ffttntrntfjit  temperatures  taken  last  year  at  stations  considerably  west- 
ward of  the  ground  over  which  we  worked  in  the  '  Porcupine.' 

96.  The  data  thus  obtained  respecting  the  Temperatures  at  different 
Depths  in  the  Warm  and  Cold  areas  respectively,  are  correlated  in  Table  I., 
which  includes,  with  the  three  sets  of  Serial  Soundings,  all  the  Bottom^ 
sounding  that  accord  with  them.  The  localities  of  the  several  Soundings 
are  indicated  by  their  Numbers  in  Diagram  IIL 
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Table  I. 
Temperature  of  the  Sea  at  difiereot  Depthi  in  tlie  Warm  and  Cold  Areaa  171115 
between  the  North  of  Scotland,  the  Shetland  lalea,  and  the  Faroe  laland*  ; 
aa  ascertained  by  Serial  and  b;  jBo/^om-Souodings.  (N.B.  The  Boman 
Numerals  indicate  the  'Lightning'  Temperature-Souoding^  corrected 
for  pressure.) 
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On  examining  the  Series  tnken  at  Station  H7  in  the  Warm  area,  we  notice 
(I)  that,  the  Surface-temperature  being  52°-6,  there  is  a  fall  of  4^5  in  the 
first  50  fathoms ;  (2)  that  from  50  to  500  fathoms  there  is  a  slow  prt^res- 
dve  and  nearly  uniform  descent  amounting  in  the  whole  to  3°,  which  is 
at  the  average  rate  of  about  O"-;  per  100  fathoms;  and  (3)  that  this  de- 
scent increases  to  2°' 1  in  the  next  100  fathoms,  and  amounts  to  V-6  in  the 
ioterral  of  167  fathoms  between  COO  fathoms  and  the  bottom.    The  te- 
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Ution  between  Depth  end  Temperature  in  the  Warm  area  it  repreicnted 
dUgnunmatical Ijf  in  the  ftCGompan^ing  Figure  ;  in  which  (oroittiog  frac- 
tional part«)  each  line  marks  a  descent  of  1°  Fahr. : — 


Fnrther,  on  comparing  this  Series  with  the  6o^ ton- soundings  takeu  in 
Tarioua  parti  of  the  same  area,  the  accordance  is  found  to  be  es> 
tremel;  close;  no  difference  of  more  than  a  degree  presenting  itself  an^- 
where,  except  at  depths  of  less  than  200  fathoms,  the  bottom-tem- 
peratures of  which  are  higher  b^  from  1°  to  2°'2  than  the  temperatures 
at  corresponding  depths  in  the  Mtrial  sounding.  This  accordance  he- 
coines  at  once  evident  when  the  upper  curre  of  Diagram  IV.,  which  is 
constructed  from  twelre  iof  ton- soundings  in  the  Warm  area,  is  compared 
with  the  upper  carve  in  Diagram  III.  which  represents  the  amaf  soundings 
■t  Station  87 ;  while  the  slight  difference  is  just  what  might  be  expected, 
when  it  is  home  in  mind  that  the  superficial  stratum  is  not  here  underlaid 
by  colder  water. 

97'  Turning  from  these  to  the  Series  of  Temperature-soundings  taken  at 
Station  52  in  the  Cold  area  (distant  less  than  60  miles  from  SUtion  87), 
which  begins  from  nearly  the  same  surface- temperature  (52°' 1),  we  see 
(1)  that  the  descent  daring  the  first  50  fathoms  corresponds  so  closely 
with  that  observed  in  Series  67,  that  the  two  temperatures  at  that  depth 
are  almost  precisely  the  same ;  (3)  that  at  100  fathoms  the  temperatures 
m  the  two  series  are  identical  ;  (3)  that  at  the  depths  of  150  and  200 
fathoms  Uiere  ia  only  a  very  slight  difference ;  but  that  (4)  whilst  the  re- 
duction between  200  and  300  fathoms  in  the  Warm  area  ia  only  0°-2, 
it  amounts  to  not  less  than  14°-8  in  the  Cold  area,  bringing  down  the 
temperature  at  that  depth  to  30°'8 ;  and  that  (5)  this  is  further  reduced 
to  30^-6  at  the  bottom  of  384  fathoms.— 11  us  it  is  evident  that  a  tempe- 
latore  of  32°  would  have  been  reached  at  somewhat  less  than  300  fathoms, 
andthat  the  temperature  of  the  water  occupying  the  100  fathoms  beneath 
waa  absolutely  below  the  freezing-point  of  fresh  water. 
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98.  This  result  comei  out  even  moreitrikingly  ia«iwtIi«r8erin(No.  64) 
taken  about  180  miles  to  tbe  N.E.  of  the  preceding,  in  the  deep  channel 
between  the  Faroe  and  Shetland  iBhinds.  For  we  observe  (I)  that  tbe 
iurface-temperature  is  here  49°-7,  or  2°-4  below  that  of  No.  52 ;  (2)  that 
this  difference  is  msintaiued  with  slight  Tariation  down  to  ISO  fathoms; 
(3)  that  a  rapid  descent  of  tbe  thermometer  here  begins,  a  fall  of  3°'7 
taking  place  between  ISO  and  200  fathoms,  and  a  fnitber  fall  of  S'-S  be- 
tween 200  and  250  fathoms,  making  n  reduction  of  9°  in  100  fatbomi, 
and  bringing  down  the  temperature  at  Z50  fathoms  to  34''*S ;  whilst  (4) 
the  fnll  between  250  and  300  fathoms  is  only  l°-9,  and  between  300  snd 
350  fathoms  is  1°,  bringing  down  the  temperature  at  the  latter  depth  to 
31°-4 ;  and  (5)  that  in  descending  throagh  tbe  lowest  290  fathoms,  the 
temperature  is  reduced  to  3V-1  at  500  fathoms,  and  stands  as  low  as  29°  G 
on  the  bottom  at  640  fathoms.  The  relation  between  Depth  and  Tempe- 
rature in  the  Cold  area  is  represented  diagrammaticaUf  in  the  accompanying 
Figure;  in  which,  for  the  sake  of  better  comparison  with  the' preceding, 
the  upper  portion  is  constructed  from  Series  52  (so  as  to  commence  from 
the  surface- temperature  of  52°),  and  the  lower  portion  from  Series  frJ, 
each  line  marking  a  descent  of  1°  Fahr. 


99.  Ileoce  it  is  evident  that  n  temperature  of  32°  would  hare  been  reached 
at  something  more  thsii  300  (say  320)  fathoms;  so  thst  the  toKfr  Aolf 
of  the  water  occupying  Ihe  detpest  part  of  thii  ehannti  formi  a  atrtem 
nearly  2000  feet  in  depth,  having  a  temperature  helow  the  freezing-point 
of  fresh  water ;  nnd  this  notnithatanding  that  the  temperature  of  its  surrsce 
and  of  its  first  150  fathoms'  depth  does  not  differ  more  from  the  tempera- 
ture of  the  surfncc  and  of  the  first  150  fsthoms  in  the  Wann  area  (Series 
87)  than  is  accomited  for  liy  the  difference  of  Latitude  (nearly  2°)  between 
the  two  stations. — These  remarkable  facts  are  exjiressed  by  the  tteo  loKtr 
Curves  in  Diagram  III.,  which  are  constructed  from  the  Senal  soundings  in 
the  Cold  area,  as  the  upper  curve  is  from  the  Serial  sounding  in  the  Warm 
area. 


100.  Now  oa  compiriug  these  two  aerieH  of  Soiindingfl  with  the  liottom- 
■oaadingR  Uken  at  different  puts  of  tlie  Cold  area,  the  accordinice  is  Touiid 
to  b«  flxlmnelj  eloae,  no  difference  of  more  than  a  degree  being  found  any- 
where at  depths  greater  than  300  fathoms.  It  is  worthy  of  note  that  at  the 
■faallower  depths  of  from  114  to  IG?  fathoms  (Nos.  GU,  01,  62),  the  hottom- 
{guipeiatnres  correspond  more  closely  to  the  temperatures  of  the  same  depths 
in  Serie*  64  than  to  those  of  Series  52,  the  cold  water  coming  nearer  to 
the  anrface  ;  >nd  this  was  still  more  remarkably  the  case  witli  No.  ix.,  the 
■owndingobtained  last  year  onabank  at  170  fathoms  (' Lightning'  Report, 
g  13).     On  referriog  to  the  Chart  it  will  he  found  that  these  four  stations 
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Table  II. 

Dtennediate  Bottom-teinperatures,  showing  tlie  intermixture  of  Warm 
and  Celd  Currents  on  the  Borders  of  the  Warm  and  Cold  Areas. 
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rfkce-cnrrent  that  comes  up  from  the  S.W.  obviously  extends  over  that 
nk,  00  as  to  modify  in  greater  or  less  degree,  according  to  the  depth,  the 
?ect  of  the  deep  co/c/ current  coming  down  from  the  N.E.  The  intermixture 

the  two  ia  well  seen  in  Nos.  7o,  78,  82,  and  83,  the  depths  of  which 
Dge  from  250  to  3G2  fathoms ;  but  at  tlie  shallower  depths,  ranging 
im  76  to  203  fathoms,  at  which  Nos.  66,  71,  72,  73,  74,  and  79  were 
ken.  the  influence  of  the  varm  surface-current  is  obviously  predominant, 
a  the  other  hand,  the  position  of  No.  51  marks  it  as  just  on  the  border 
oand  between  No.  50,  which  was  taken  at  or  near  the  northern  margin 
'  the  Mfarm  current,  and  Nos.  52,  5.3,  which  clearly  lie  within  the  southern 
argin  of  the  eoid ;  and  we  thus  see  how  the  southern  and  deeper  portion 
the  cold  current  may  here  lose  itself  by  intermixture  with  the  warm ;  whilst 
le  northern  portion  seems  to  flow  onwards  unchanged  over  the  shallower 
ittom,  until,  having  passed  the  Faroe  Banks,  it  runs  down  the  slope 
rming  the  eastern  margin  of  the  great  Atlantic  basin,  to  the  deeper  waters 
'  which  it  helps  to  impart  the  coldness  by  which  they  will  presently  be 
town  to  he  characterised. 

101  •  Although  we  have  spoken  of  "  currents,**  it  is  not  to  be  inferred  that 
s  haTe  detected  any  actual  opposing  moTcments  in  the  waters  of  the  two 
reaa  respectively,  or  in  the  warm  superficial  stratum  of  the  Cold  area 

compared  with  its  deep  frigid  layer.  But  it  may  be  assumed  as  a 
ijncal  necessity  that  a  great  body  of  ice-cold  water  could  not  be  always 
tread  over  the  bottom  of  a  large  area  between  Lat.  b9i°  and  Lat.  62^, 
ten  to  a  depth  of  2000  feet,  unless  it  had  arrived  thither  from  within  the 
rctic  circle  ;  and,  conversely,  it  can  scarcely  be  conceived  that  the  upper 
ratum  of  this  very  area  should  maintain  a  temperature  equal  to  that  of 
iC  Warm  area  (a  slight  allowance  being  made  for  diiferencc  of  Latitude), 
ithout  a  continual  flow  of  a  warmer  stream  from  some  southerly  quarter. 
•A  farther  indication  of  the  derivation  of  the  deep  water  of  the  Cold 
rea  from  a  northern  source  is  aflfordcd  by  the  presence,  among  the 
nail  stones  and  sand  brought  up  from  this  bottom,  of  Volcanic  detritus, 
bich  seems  to  have  been  brought  southwards  either  from  the  Faroe 
lands  or  from  some  more  remote  source,  such  as  Jan  Meyen.     The 
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presence  of  Volcanic  detritus  on  that  part  of  the  floor  of  the  channel  between 
the  Faroe  Islands  and  Iceland  which  lies  between  its  deepest  point  and  the 
S.E.  shore  of  Iceland  has  been  already  urged  by  Dr.  Wallich*,  with  great 
force,  as  an  argument  for  the  existence  of  an  ofiPshoot  of  the  Arctic  corrent 
slowly  moving  downwards  "  in  a  line  about  250  miles  to  the  westward  of 
that  which  we  consider  ourselves  to  have  now  conclusively  established ;  and 
it  can  scarcely  be  doubted  that  a  set  of  Temperature-souncUngs  taken  in  ''the 
682-fathom  locality  about  forty  miles  from  the  southern  shore  of  Iceland" 
would  give  Thermometric  results  similar  to  those  we  have  obtained  in  the 
corresponding  channel  between  the  Faroe  and  Shetland  Isles. — ^The  import 
of  the  presence  of  similar  Volcanic  detritus  on  the  bed  of  the  Midf-Atlantic, 
as  first  pointed  out  by  Prof.  Bailey,  will  be  considered  hereafter  (§  1 17). 

102.  Although  the  thermal  condition  of  the  Warm  area  does  not  afford 
the  like  striking  evidence  of  the  derivation  of  its  whole  body  of  water  from  a 
Southern  source,  yet  a  careful  examination  of  its  phenomena  seems  fairiy 
to  justify  such  an  inference.  For  it  has  been  shown  by  the  Serial  sonnding 
No.  87  in  Lat.  59^  35^  that  while  the  surface-water  is  about  4j|^  warmer 
than  the  water  at  50  fathoms'  depth,  the  latter  is  only  0^*8  wanner  than 
the  water  at  100  fathoms;  and  that  below  this  the  thermometer  remaios 
almost  stationary  down  to  400  fathoms.  Now  at  that  depth  it  is  only  2^4 
colder  than  water  at  the  same  depth  (Station  42)  at  the  northern  border 
of  the  Bay  of  Biscay,  in  a  Latitude  more  than  10°  to  the  south,  where  the 
surface-temperature  was  62°* 7  ;  and  the  approximation  of  the  two  tempera- 
tures is  yet  nearer  at  still  greater  depths,  the  bottom-temperature  at  767 
fathoms  at  Station  87  being  41^*4,  whilst  the  temperature  at  750  fathoms' 
depth  at  Station  42  is  42°*  5.  So  great  an  excess  above  the  Isotherm 
of  Lat.  59°  35'  can  scarcely  be  attributed  to  the  summer  atmosphere  of 
the  locality,  which  we  scarcely  ever  observed  to  be  above  54°,  and  of  which 
the  effect,  if  exerted  at  all,  seems  limited  to  the  ''superheating"  of  the 
superficial  stratum.  It  is  obvious,  again,  that  the  surface-drift  caused  by 
the  prevalence  of  South-westerly  winds,  to  which  some  have  attributed  the 
phenomena  usually  assigned  to  the  extension  of  the  Gulf-stream  to  these 
regions,  cannot  account  for  such  an  elevation  of  temperature  in  a  stratiyn 
altogether  removed  from  its  agency ;  and  it  seems  equally  difficult  to 
conceive  that  in  a  region  so  remote  from  the  source  of  the  Gulf-stream 
proper,  its  influence,  even  if  exerted  in  an  elevation  of  the  surface-tempe- 
rature, should  extend  to  a  depth  of  at  least  400  fathoms.  It  may  be 
pretty  certainly  aflirmed,  indeed,  that  the  effect  of  the  warm  current  ii 
exerted  to  the  vety  bottom  of  the  Warm  area :  for  its  temperature  even  at 
767  fathoms  is  4l°'4,  which  is  several  degrees  above  the  theoretical  iso- 
therm of  the  latitude ;  and  such  a  temperature  could  scarcely  be  maintaineii 
at  this  elevation  against  the  depressing  influence  of  the  Polar  current  wbidi 
here  mingles  with  it,  were  it  not  for  a  continual  influx  of  warm  water  firoB 
a  Southern  source. 

'*'  North-Atlantic  Sea-bed,  pp.  5-7. 
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103.  Thus  the  doctrine  of  a  general  interchange  between  Polar  andEqua- 
iorial  Waters  (§  92)  seems  the  oiilj  hypothesis  that  is  competent  to  account 
for  the  facts  of  this  case*;  and  it  will  he  found  to  derive  further  support 
frum  the  Temperature-phenomena  of  the  North-Atlantic  basin,  which  we 
•hall  presently  discuss  on  the  basis  of  the  Thermometric  observations  taken 
in  the  First  tend  iSeecmc/ Cruises  of  the  'Porcupine,'  with  additional  evidence 
from  other  sources. — Before  proceeding  to  these,  however,  we  shall  inquire 
whether  any  rationale  can  be  given  for  the  special  peculiarity  of  the  Arctic 
current,  which  produces  the  depression  of  temperature  to  from  32^-30° 
everywhere  noticeable  at  depths  of  from  300-640  fathoms  in  our  Cold  area. 

104.  A  glance  at  the  North  Polar  region,  as  laid  down  either  on  a  Globe, 
or  on  any  projection  of  which  the  Pole  is  the  centret> — as  in  the  accom- 
panying Chart  (Plate  7)  shows  that  the  Polar  Basin  is  so  much  shut-in  by 
the  northern  shores  of  the  Eurojiean,  Asiatic,  and  American  Continents, 
that  its  only  outlet,  besides  the  narrow  and  shallow  channel  of  Behring*s 
Straits,  and  the  circuitous  passages  leading  into  Hudson's  and  Baffin's 
Bays,  is  the  space  which  intervenes  between  the  eastern  coast  of  Green- 
land and  the  north-western  coast  of  the  Scandinavian  Peninsula.  If, 
therefore,  there  be  any  such  general  movement  of  ice-cold  water  towards 
the  Equatorial  regions  as  that  for  which  we  have  argued,  this  movement 
must  take  place  mainly  through  the  deeper  portions  of  this  interspace ; 
at  the  north  of  which  lies  Spitzbergen,  whilst  Iceland  and  the  Faroes 
lie  in  the  middle  of  its  southerly  expanse.  Now  in  the  western  portion  of 
this  channel,  lying  between  Greenland  and  Iceland,  the  depth  of  water  for 
the  most  part  ranges  from  800  fathoms  to  nearly  double  that  amount  ; 
and  there  will  here,  therefore,  be  a  free  exit  to  the  water  which  has  been 
cooled  down  within  the  Arctic  basin,  and  has  consequently  subsided  to  its 
deeper  portions.     But  on  the  eastern  side  of  Iceland  the  case  is  very  dif- 

*  The  existence  of  "  Polar  Currents  "  beneath  tlic  heated  waters  of  Tropical  regions 
had  been  indicated  by  various  observers  (sec  'Lightning'  Report,  p.  186);  but  they 
seem  to  hive  been  generally,  if  not  universally,  regarded  as  local  peculiarities.  Con- 
rentHjf  a  movement  of  Equatorial  water  in  the  Polar  direction,  quite  independent  of 
inch  local  accidents  as  those  which  pro<luce  the  Gulf-stream  proper,  had  been  noticed 
in  severd  localities;  particularly  between  the  Indian  and  Antarctic  Oceans  (see 
Mavry*!  'Physical  Geography  of  the  Sea,'  §§  748-750),  where  the  whole  movement 
if  foreed  to  take  place  towards  the  South  pole,  by  the  barrier  inteqiosed  by  the  Con- 
tinent of  Asia  to  any  flow  in  a  northerly  direction. — The  real  import  of  such  facts  as 
these  could  not  be  recognized  by  Physical  Geographers,  so  long  as  they  were  under  the 
**  dominant  idea'*  of  a  unijbrm  deep-iea  temperature  of  39" ;  and  our  present  endeavour 
k  limply  to  show  that  the  doctrine  of  Oceanic  circulation,  being  at  the  same  time  in 
aoeordance  with  Physical  theory  (as  laid  down  by  Prof.  Buff),  and  consonant  with  all 
the  rdiible  fiscts  yet  observed,  is  entitled  to  the  same  rank  as  a  fundamental  principle 
in  the  idenoe  of  Phjrsical  Geography,  as  the  parallel  doctrine  of  Atmospheric  circulation 
holdi  in  Meteorology. 

t  The  ordiniry  Hemispherical  projection  of  our  Atlases  does  not  give  by  any  means  a 
correct  idea  of  this  Polir  Basin  ;  and  the  Mercator's  projection  (which  is  employed  by 
Dr.  WiOich)  so  exiggerates  the  Longitude-distances  in  high  Latitudes,  as  to  give  an 
entirely  fidlidoos  conception  of  it. 
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ferent.  Save  in  the  narrow  channel  of  682  fathoms  already  mentioned  as 
existing  near  the  S.E.  of  Iceland,  there  is  no  depth  as  great  as  300  fathoms 
along  the  whole  bottom  as  far  as  the  Faroe  Islands* ;  and  an  effectual 
barrier  is  thus  interposed  to  any  current  moving  southwards  at  a  depth 
exceeding  this.  A  similar  barrier  is  presented,  not  merely  by  the  plateau 
on  which  the  British  Islands  rest,  but  also  by  the  bed  of  the  North  Sea ; 
which  (as  its  depth  nowhere  exceeds  100  fathoms  between  the  coast-line 
of  the  British  Isles  from  Shetland  to  Dover  on  one  side,  and  the  coast-line 
of  Norway,  Denmark,  and  Hollaad  from  Bergen  to  Ostend  on  the  other) 
must  give  to  such  a  movement  a  not  less  effectual  check  than  would  be 
afforded  by  an  actual  coast-line  uniting  the  Shetland  Islands  with  Norway. 
Consequently  it  is  obvious  that  a  flow  of  ice-cold  water  at  a  depth  exceed- 
ing  300  fathoms  from  the  surface,  down  the  north-eastern  portion  of  this 
interspace,  cati  only  find  its  way  southwards  through  the  deep  channel 
between  the  Faroe  and  Shetland  Islands,  which  will  turn  it  into  a  S.W. 
course,  and  finally  discharge  it  into  the  great  North-Atlantic  basin,  where 
it  will  meet  the  Icelandic  and  Greenland  currents,  and  unite  with  them 
in  spreading  over  the  deepest  portions  of  the  sea-bed. 

105.  Hence  it  is  obvious  that  if  a  subsidence  were  to  take  place  in  the 
area  now  covered  by  the  North  Sea  and  the  British  Channel,  so  as  to  depress 
their  bottom  below  the  level  of  that  of  the  channel  between  the  Faroe  and 
Shetland  Islands,  the  course  of  the  Arctic  current  would  be  deflected  from 
the  latter  to  the  former,  lowering  its  bottom-temperature  by  at  least  14^ ; 
and  as  the  warmer  current  coming  up  from  the  S.W.,  and  now  ocupying 
our  Warm  area,  would  then  meet  with  no  check,  it  would  extend  itself 
over  the  whole  of  what  is  now  our  Cold  area,  and  would  raise  its  tempera- 
ture at  least  12^.  This  would  have  the  general  effect  of  altering  almost 
the  entire  Fauna  of  both  regions ;  and  of  modifying  the  characters  of  the 
deposit  forming  on  the  bottom  of  each. 

106.  Atlantic  Basin. — During  the  First  and  Second  cruises  of  the  *  Por- 
cupine,' the  Temperature  of  the  eastern  border  of  the  great  North-Atlantio 
basin  was  examined  at  various  depths  and  in  widely  different  localities. 
Serial  soundings  were  taken  at  no  fewer  than  seven  stations ;  the  most 
Northerly  of  these  being  not  far  from  Rockali  Bank  in  Lat.  56^  8',  whilst 
the  most  Southerly  was  at  the  northern  border  of  the  Bay  of  Biscay, 
nearly  300  miles  to  the  west  of  Ushant,  and  in  Lat.  47^38^  At  Station 
42  the  temperature  was  taken  at  every  50  fathoms,  from  the  surface  down- 
wards to  the  bottom  at  862  fathoms ;  at  Station  23  the  temperature  was 
taken  at  every  100  fathoms,  to  the  bottom  at  630  fathoms ;  and  at  the 
other  Stations,  at  which  the  depths  ranged  from  1 263  to  2090  fathoms, 
the  Soundings  were  taken  at  every  250  fathoms. — Besides  these,  the  Bottom' 
temperature  was  taken  at  upwards  of  30  Stations,  ranging  in  Latitude 
from  56°  58'  to  47°  38',  and  in  Depth  from  54  to  2435  fathoms.— The 
most  important  of  the  results  thus  obtained  are  presented  in  Table  III. 

*  See  Dr.  Wallicb's  *  North-AtUntic  Sea-bed,'  chap^u 
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Table  III. 

Temperature  of  the  Sea  at  different  Depths  near  the  Western  margin  of  the 
North-Atlantic  Baain.  as  ascertained  hy  Serial  and  hy  ^o/Zom-Soundings. 
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107.  Amongst  all  these  the  coincidence  of  Temperatures  at  corresponding 
Depths  ia  extraordinarily  close ;  the  chief  differences  show  themselves, 
as  might  be  expected,  in  Surface-temperature.  This  was  peculiarly  high 
in  the  most  Southerly  stations,  which  lay  between  Lat.  4/^  and  49°  51', 
rising  to  62^*6  at  Station  42,  to  64°'8  at  SUtion  38,  to  65'''6  at  Station 
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37  (which  was  that  of  the  2435  fathoms'  dredging),  and  to  66^  at  Sta- 
tion 34  :  whilst  it  fell  in  the  more  Northerly  Stations,  which  lay  between 
Lat.  53°  41'  and  54°  53',  to  54°-8  at  Station  19,  to  53^-2  at  Stations  17 
and  18,  though  these  were  rather  to  the  southward  of  the  preceding, 
and  to  52°* 2  at  Station  12,  which  was  yet  further  south.  A  comparison 
of  the  temperature  of  the  Surface-water  with  that  of  the  Air  at  each  Station 
indicates  that  a  large  part  of  the  variation  in  the  former  is  due,  on  the  one 
hand,  to  the  heating  effect  of  the  solar  rays,  and  on  the  other  to  the  cool- 
ing influence  of  winds.  Thus  at  three  Stations  at  which  the  Surface-tem- 
peratures were  64°-8,  65°-6,  and  66°  respectively,  the  thermometers  in  Air 
showed  63°'5,  70°,  and  72° ;  whilst  at  four  Stations  at  which  the  Snrface- 
temperatures  ranged  downwards  from  5 4°* 8  to  5 2°* 2,  the  temperature  of 
the  Air  ranged  from  55°* 5  to  53°.  In  only  one  instance  was  the  tempera- 
ture of  the  Air  decidedly  lower  than  that  of  the  Surface-water  ;  and  thii 
was  at  Station  42,  where,  although  the  Surface-temperature  was  62^*6,  the 
temperature  of  the  Air  was  only  59°.  But  as  this  observation  was  made  at 
4^  30™  on  the  morning  of  July  27,  and  as  the  wind  was  from  the  N.W., 
the  discrepancy  may  be  regarded  as  accidental. 

1 08.  At  the  last-mentioned  Station,  in  Lat.  49°  1 2',  about  250  miles  to  the 
S.W.of  Cork,  a  Series  of  Temperature-soundings  was  taken  atevery  lOfathoms 
from  the  surface  to  50  fathoms,  with  the  view  of  determining  the  rate  of  ther- 
mal decrease  at  successive  depths  in  the  superficial  stratum.  The  total  de- 
crease in  this  descent  amounted  to  9°*4  ;  the  most  rapid  diminution  being  be- 
tween 20  and  30  fathoms,  within  which  vertical  space  the  reduction  amounted 
to  3°*4.  In  the  nex6  10  fathoms  it  was  only  1°'6,  and  in  the  10  following  only 
1°*2.  Between  50  and  100  fathoms  the  total  reduction  was  only  2°'l ;  and 
it  may  be  fairly  surmised  that  a  large  part  of  this  occurred  in  the  upper 
20  fathoms ;  for  below  1 00  fathoms  the  rate  of  diminution  becomes  ex- 
tremely slow,  the  total  reduction  between  100  and  500  fathoms  being 
only  3°7,  or  at  an  average  of  0*9  per  100  fathoms.  The  rate  of  diminution 
then  again  becomes  more  rapid,  the  total  reduction  between  500  and  800 
fathoms  being  5°-4,  or  l°-8  per  100  fathoms;  and  between  800  and  862 
fathoms  (bottom)  there  is  a  still  more  rapid  diminution,  a  reduction  of 
2°'3  taking  place  in  this  comparatively  small  descent. 

109.  On  comparing  with  this  the  Series  taken  at  every  100  fathoms  at 
Station  23,  in  Lat.  56°  13',  we  see  a  very  close  general  accordance  in  the 
rate  of  descent ;  although  the  actual  temperatures  of  the  latter  are  from  2** 
to  3°  lower  than  those  of  the  former  at  corresponding  depths,  as  might  be 
expected  from  its  higher  Latitude.  In  the  Surface-temperature,  indeed, 
the  difference  amounts  to  5°'3  ;  but  this  becomes  reduced  to  2°* 6  at  100 
fathoms,  to  2°-5  at  200  fathoms,  to  l°-8  at  300  fathoms,  and  to  P-0  at  400 
and  600  fathoms.  The  total  reduction  in  the  first  100  fathoms  is  here 
8°*8,  as  against  ll°'5  in  the  preceding  case ;  while  the  reduction  between 
1 00  and  500  is  also  rather  less,  being  2°*  7. 

110.  Extending  the  comparison  to  a  Series  taken  still  further  northwards^ 
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namely  at  Station  87  in  Lat.  59"^  35'  (more  than  10°  to  the  north  of 
Station  42),  the  same  general  accordance  presents  itself  in  the  rate  of  de- 
scent; while  the  actual  temperatures  at  the  several  depths  helow  100  fa- 
thoms are  by  no  means  as  different  as  might  be  expected  from  the  differ- 
ence in  the  geographical  position  of  the  Stations,  as  will  be  apparent  from 
the  following  Table : — 

Table  IV. 

Comparative  Rates  of  Reduction  of  Temperature  with  Increase  of  Depth, 
at  three  Stations  in  different  Latitudes,  all  of  them  on  the  Eastern  Mar- 
gin of  the  Atlantic  Basin. 


Depth. 

Station  42. 
Lat.  49<*  IS'. 

Station  83. 
Lat.  5(P1S'. 

Station  87. 
Lat.  59"  35'. 

Temperature. 

Difference. 

Temperature. 

Difference. 

Temperature. 

Difference. 

Iftthoms. 

Surface 

lOO 

200 

300 

400 

500 

600 

750 

767 

626 
5I-I 

50-5 
496 

485 

467 

45-5 
4*5 

0 

II-5 

.0-6 

0-9 

1*1 

1-8 

1*2 
30 

0 
57*3 

485 
48-0 

47*8 
47*5 
458 
445 

8-8 
0-5 

0*2 

o*3 

17 
1-3 

0 
5*5 

473 
468 

46-6 

46*1 

451 
430 

41-4 

0 
5'» 

0-5 
02 

0-5 

I'O 
2*1 

1-6 

Although  tlie  difference  between  the  Surface-temperatures  at  Stations 
42  and  87  amounts  to  lO""*!,  the  difference  is  reduced  to  S^'S  at  100 
fmthoms,  to  3^  at  300  fathoms,  to  2^*5  at  GOO  fathoms,  and  to  l''!  at 
7^0  fathoms.  So,  again,  the  reduction  in  the  first  100  fathoms  at  Sta- 
tion 87  being  only  5°'2,  the  total  reduction  between  100  and  500  fathoms 
is  only  2^*2,  or  at  the  rate  of  0°'55  per  100  fathoms.  But  the  rate  of  de- 
pression then  undergoes  nearly  as  marked  an  increase  as  at  the  corre- 
sponding depth  in  Station  42  ;  for  whilst  the  diminution  of  temperature 
between  500  and  750  fathoms  amounts  at  Station  42  to  4^*2,  or  F*7  per 
100  fathoms,  it  amounts  at  Station  87  to  3''7,  or  P'5  per  100  fathoms. 

111.  It  becomes  obnous,  therefore,  in  they?r«/  place,  that  there  is  a  de- 
ended  superheating  of  the  superficial  stratum,  not  extending  to  a  depth  much 
greater  than  70  or  80  fathoms,  and  that  this  is  more  considerable  (as  might 
be  expected)  at  the  Southern  than  at  the  Northern  stations.  Whether  this 
''  superheating  "  is  entirely  due  to  the  direct  influence  of  solar  heat,  or  de- 
pends in  any  degree  (especially  in  the  southern  portion  of  this  area)  on  an 
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extension  of  the  Gulf-stream,  is  a  question  which  can  only  he  resoWed  hj 
the  determination  of  its  relative  amount  in  summer  and  in  winter ;  and  as 
this  solution  could  be  very  easily  obtained  (sets  of  Temperature-soundings 
at  every  10  fathoms  down  to  100  fathoms,  taken  in  these  opposite  periods 
of  the  year,  being  all  that  is  requisite),  it  may  be  hoped  that  the  cause  of 
this  ''superheating"  will  not  long  remain  undetermined. 

1 1 2.  With  regard,  secondly^  to  the  Temperature  of  the  400  fathoms 
beneath  the  superficial  100,  which  ranges  between  51^*1  and  46^*7  in  Lat. 
49°  12',  between  48°-5  and  45°-8  in  Lat  56°  13',  and  between  4^-3  and 
45^*1  in  Lat.  59°  35',  it  may  be  pretty  certainly  affirmed  that  whilst  it  is 
somewhat  higher  than  the  Isotherm  of  the  Southern  station,  it  is  so  con- 
siderably above  that  of  the  Isotherms  of  the  Northern  stations,  as  decidedly 
to  indicate  that  the  body  of  water  between  these  depths  has  found  its  way 
thither  from  a  Southern  source  (see  §  102). 

1 1 3.  Proceeding,  thirdly^  to  the  still  greater  depths  of  which  the  Tempe- 
ratures are  recorded  in  Series  22  (1263  fath.),Ser.  19  (1360fath.),  Ser.  20. 
(1443  fath.),  Ser.  21  (14/6  fath.),  and  Ser.  3S  (2090 fath.),  all  which  are  in 
remarkably  close  accordance  with  each  other,  we  meet  with  a  decided 
change  in  the  rate  of  decrease  of  temperature  at  equal  intervals  of  depth  ; 
for  whilst  the  average  of  the  whole  five  gives  a  reduction  of  no  more  than 
1°'6  between  250  and  500  fathoms  (that  is,  0°-6  per  100  fathoms),  the 
reduction  between  500  and  750  fathoms  is  5°*4,  or  at  the  rate  of  2°*  1  per 
100  fathoms;  while  between  750  and  1000  fathoms  it  amounts  to  3°*], 
bringing  down  the  temperature  at  the  latter  depth  to  an  average  of  38^*6. 
Though  the  rate  of  diminution  of  temperature  then  becomes  slower,  there 
is  still  a  progressive  decrease  of  temperature  with  increase  of  depth,  the 
total  reduction  between  1000  and  2090  fathoms  being  just  2^,  so  as  to 
bring  down  the  temperature  at  the  latter  depth  to  36°'3. 

114.  With  these  Series  the  numerous  ^o/^om-temperatores  taken  in  the 
First  and  Second  Cruises,  and  tabulated  in  Table  III.,  are  for  the  most  part 
in  remarkably  close  accordance.  This  accordance  is  greatest  at  depths  be- 
tween 1000  and  2435  fathoms ;  the  temperature  at  the  last-mentioned  depth 
showing  no  reduction*  below  that  of  the  2090  fathoms'  sounding.  The 
accordance  between  the  Serial  and  the  Bottom-soundings  is  not  so  constant, 
however,  at  smaller  depths  ;  the  temperature  of  the  bottom  being  in  several 
instances  from  two  to  four  degrees  lower  than  that  of  the  corresponding 
stratum  in  the  serial  soundings.  Thus  in  No.  24,  at  a  depth  of  only  109 
fathoms,  the  bottom-temperature  was  46^*5,  or  4°  below  the  ordinary  tem- 
perature at  that  depth.  In  No.  26,  at  a  depth  of  345  fathoms,  the  bottom 
temperature  was  46^*7;  at  least  2°  below  the  average.  In  No.  23  6,  at 
664  fathoms,  the  bottom-temperature  was  41^*6,  and  in  No.  12,  at  670 
fathoms,  the  bottom-teinperafure  was  42°'6,  being  in  the  one  case  about 
2  j^  and  in  the  other  about  1 1°  below  what  might  have  been  expected  at 
those  depths.     These  differences  suggest  the  hypothesis  that  variations  in 

*  Its  apparent  excetg  of  0^*2  is  qaite  within  the  limit  of  error  of  observation. 
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the  GonUmr  of  the  KK-bed  may  bring  an  admixture  of  frigid  water  nearer 
to  the  nrface  in  particular  localities  than  in  the  baiin  generally. 
Diagram  V. 


115.  The  general  reEults  obtained  by  the  correlation  of  alltheie  data  are 
irprcaented  diagiammatically  in  Diagram  V.,  which,  being  constructed  u^n 
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the  same  scale  as  the  two  preceding  figurea  of  the  aame  knid  (pp.  457, 458) 
enables  the  relation  between  Depth  and  Temperature  in  the  Atlantie 
Basin  to  be  compared  with  the  like  relation  in  the  Warm  and  Cold  Areas 
respectively.  For  the  sake  of  con¥enience»  the  Snrfree-tempentim  b  hera 
taken  at  54^,  this  (as  shown  in  Table  III.)  hanng  been  jtfjfaBage  at  those 
Stations  in  which  the ''  superheating'*  did  not  i  iwa|df swiaJj  naii^fcBt  itself. 

116.  When  the  rates  of  decrease  of  Terapentiire  in  aneeeaaiTa  atrata 
of  this  deep  Atlantic  Basin  are  compared  with  thoaa  wUeh  hsie  been  ahown 
to  exist  in  the  thinner  strata  of  onr  comparati?eIy  ahalhw  Cold  araa.  a  veiy 
remarkable  relation  presents  itself^  the  Thermonetrie  ^^■'■pt  raqiuring  in 
the  former  case  a  much  greater  Bathymetrie  deaeant.thaa  in  the  latter,  but 
corresponding  very  closely  with  them  when  this  aDoiiaBea  ia  made.  This 
relation  may  be  presented  to  the  mind  by  ideally  '  'Biiiling  Diagram  IL in 
a  vertical  direction,  so  that  ita  horiiontal  linea  ahmdd  be  asperated  by  four 
times  their  interval.  It  has  been  shown  (|  98)  that  in  die  letter  the 
stratum  of  about  100  fathoms  which  lies  below  the  wtftxttdal  60  shows 
but  a  very  slight  decrease  of  temperatnre,  prpsrntii^  efaaoat  muMj  the 
same  rate  of  descent  as  the  stratum  between  aiauiar  deptha  in  the 
neighbouring  Warm  area.  Now  with  thia  100  IbAem^  atntnm,  a 
stratum  of  about  .500  fathoma  beneath  the  anperfleial  100  in  the  deep 
Atlantic  very  closely  corresponds,  the  reduction  down  to  500  fathoms 
being  at  an  extremely  slow  rate.  Between  150  and  300  fathoms  in  the 
Cold  area,  however,  the  rate  of  reduction  becomea  veiy  much  greater ; 
and  this  is  jupt  what  presents  itself  in  the  Atlantic  Basin  between  500  and 
1 000  fathoms ;  so  that  as  in  the  Cold  area  we  come  down  at  yeiy  little 
below  300  fathoms  upon  a  stratum  of  ice-cold  water,  so  in  the  Atlantic 
basin  we  come  down  at  1000  fathoms  upon  a  stratum  averaging  38^*6. 
And  further,  as  there  is  below  this  a  slow  progressive  diminution  of  about 
2^  as  we  descend  through  the  lower  300  fathoms  of  the  Cold  area,  so  a 
like  progressive  diminution  is  shown  as  we  descend  through  the  lower  1000 
fathoms  of  the  deep  Atlantic  Basin. 

117.  The  significance  of  these  facts  becomes  yet  more  apparent,  when  the 
varying  rates  of  diminution  of  temperature  in  aucceaaive  atrata  of  the  deep 
Atlantic  Basin  are  reduced  to  a  curve  (Diagram  VI.X  in  the  aame  manner  as 
the  corresponding  rates  in  successive  strata  of  the  Cold  area ;  but  with  a  re- 
duction in  the  scale  of  depths  in  the  former  case,  ao  as  to  make  500  fathoms 
in  the  deep  basin  correspond  with  150  in  the  comparatiTely  ahallow  channel. 
It  is  true  that  there  is  by  no  means  the  same  absoimte  reduction  in  the 
one  case  as  in  the  other ;  but  this  difference  is  just  what  would  be  antici- 
pated on  the  hypothesis  we  have  been  advocating.  For  if  it  be  supposed 
that  the  body  of  ice-cold  water  brought  down  from  the  Arctic  basin  by  the 
various  Polar  currents  is  discharged  into  the  wide  and  deep  Atlantic  Basin, 
it  will  tend  to  diffuse  itself  over  its  bottom,  partly  displacing  and  partly 
mingling  with  the  water  which  previously  occupied  it,  so  as  to  form  a 
stratum   of  considerable  thickness,  which,   while   much  colder  than  the 
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Polar  stream  which  seems  to  oceapy  all  the  deeper  parta  of  the  barin  to 
within  about  1000  fathoms  of  the  surfiMse,  and  thoa  carriea  back  Polar 
water  to  the  Equatorial  area. 

'118.  These  inferences  are  fully  borne  ont  by  the  TemperatiueMiiftdbgs 
recently  taken  by  Commander  ChimmO)  R.N.,  and  Lient.  Johnaon,  R.N.»  at 
various  points  of  the  North-Atlantic  Basin ;  for  although  the  temperatures 
of  these  Soundings  were  recorded  by  nnproteeted  Thermometers,  yet  the 
error  to  which  the  best  of  those  instruments  are  subject  from  the  effects  of 
firessure  at  different  depths  can  now  be  estimated,  and  the  requiaite  eorree- 
tion  applied  to  each  observaUon,  so  as  pretty  certainly  to  give  the  true  tempe^ 
rature  in  each  case  within  a  degree.  These  Soundings  give  a  temperature 
of  about  39^  at  1000  fathoms,  which  is  almost  exactly  accordant  with  the 
average  of  our  own  ;  but  the  "  stratum  of  intermixture,*'  indicated  by  the 
rapid  reduction  of  temperature  with  increase  of  depth,  seenas  to  lie  rather 
nearer  the  surface,  the  rapid  reduction  commencing  at  about  400  fathoms 
instead  of  at  about  500.  Below  1000  fathoms,  at  depths  progressively 
increasing  to  2270  fathoms,  the  temperatures  are  in  extraordinarily  dose 
accordance  with  our  own,  the  miHtmum,  however,  apparently  falling  a 
little  lower.  Thus  at  2270  fathoms,  the  temperature  recorded  by  an  un- 
protected Casella  thermometer  was  44^ ;  but  the  estimated  correction  for 
the  instrument  at  that  depth  being  9^,  the  real  temperature  would  be 
35°. 

119.  It  has  thus  been  shown  that  the  hypothesis  advanced  in  our  pre- 
ceding Report,  when  worked  out  in  connexion  with  the  peculiar  Geo- 
graphical relations  of  the  Arctic  to  the  North- Atlantic  basin,  goes  far  to 
account  for  the  two  orders  of  phenomena  which  have  now  been  examined, 

namelv : — 

(I.)  The  movement  of  a  vast  body  of  warm  water,  extending  to  a  depth 
of  several  hundred  fathoms,  in  a  north-east  direction,  which  moderates  the 
cold  of  the  Boreal  area  by  bringing  into  it  the  warmth  of  that  vast  expanse 
of  the  North-Atlantic  Ocean  which  is  heated  beneath  the  Tropical  sun. 

(II.)  The  existence  of  a  flow  of  ice-cold  water,  at  depths  greater  than 
300  fathoms,  in  a  south-west  direction  along  the  floor  of  the  channel  be- 
tween the  North  of  Scotland  and  the  Faroe  Islands,  which  contributes, 
with  other  frigid  streams  from  the  Arctic  basin,  to  difl'use  over  the  North- 
Atlantic  sea-bed,  at  depths  greater  than  1 000  fathoms,  a  Temperature  below 
39^>  ranging  downwards  with  increase  of  depth  to  about  35°. 

A  nd  it  further  appears : — 

(III.)  That  the  "  Gulf-stream"  may  be  regarded  as  a  kind  of  intensifi- 
cation  of  the  ordinary  flow  of  Surface-water  from  the  Equatorial  to  the 
Polar  area,  this  intensification  being  due  to  the  peculiar  local  conditions 
which  produce  an  extraordinary  "  superheating  "  of  water  in  the  Gulf  of 
Mexico,  and  the  diffusion  of  this  superheated  water  thence  over  a  vast 
proportion  of  the  North -Atlantic  area,  raising  its  Surface-temperature  by 
several  degrees. 
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(IV.)  That  the  Frigid  stream  which  imparts  to  our  Cold  area,  in  the 
latitude  of  the  Shetland  Islands,  a  Bottom-temperature  helow  30^,  may  in 
like  manner  he  considered  as  an  intensification  of  the  ordinary  flow  of  deep 
water  from  the  Polar  to  the  Equatorial  area,  this  intensification  being  due 
to  the  peculiar  local  conditions  which  limit  the  flow  into  the  Atlantic  basin 
of  the  water  that  has  been  cooled  in  the  Polar  basin,  and  thus  keep  it  from 
intermixture  with  warmer  water,  whilst,  by  the  narrowing  of  its  channel,  it 
is  forced  up  nearer  to  the  surface. 

(V.)  That  as  the  temperature  of  the  Gulf-stream  is  reduced,  and  the 
depth  of  its  stratum  diminished,  the  further  it  diffuses  itself  over  the  sur- 
face-water of  the  Atlantic,  so  the  temperature  of  the  Frigid  Stream  is 
raised  by  admixture  with  the  warmer  water  through  which  it  diffuses  itself 
in  the  Atlantic  basin,  whilst  it  descends  deeper  and  deeper  beneath  the 
surface  with  the  increasing  depth  of  the  floor  on  which  it  rests. 

120.  It  may  be  questioned,  however,  whether  the  low  temperature  thus 
shown  to  prevail,  not  only  over  the  deepest  portion  of  the  North-Atlantic 
sea-bed,  but  throughout  the  enormous  mass  of  water  which  lies  below  the 
"stratum  of  intermixture"  (§  117),  is  attributable  solely,  or  even  prin- 
eipally,  to  the  cooling  effect  of  the  comparatively  small  quantity  of  frigid 
water  discharged  from  the  Arctic  basin  into  this  vast  area,  through  the 
narrow  channels  previously  indicated  (§  104).  For  it  is  to  be  remembered 
that  the  converse  heating-action  exerted  by  the  solar  rays  over  the  southern 
portion  is  continually  pumping  up  this  cold  water  (so  to  speak)  from  the 
depths  to  the  surface  ;  and  that  this  movement  will  be  aided  from  below 
by  the  heat  continually  imparted  from  the  solid  ocean-bed  to  the  colder 
water  which  rests  upon  it.  Now  as  the  most  trustworthy  observations  on 
Deep-sea  Temperatures  under  the  Equator,  though  few  in  number  *,  indicate 
that  even  there  a  temperature  not  much  above  32^  prevails,  it  seems  pro- 
bable that  part  of  the  cooling  effect  is  due  to  the  extension  of  a  flow  of 
frigid  water  from  the  Antarctic  area,  even  to  the  north  of  the  Tropic  of 
Cancer.  It  seems  impossible  to  give  any  other  explanation  of  the  low 
temperatures  observed  in  the  *  Hydra'  soundings  across  the  Arabian  Gulf  f, 
since  no  frigid  water  from  the  Arctic  basin  could  be  supposed  to  find  its 
way  to  that  locality. 

121.  The  unrestricted  communication  which  exists  between  the^it^ffre/tc 
area  and  the  great  Southern  Ocean-basins  would  involve,  if  the  doctrine 
of  a  general  Oceanic  circulation  be  admitted,  (1)  a  much  more  considerable 
interchange  of  waters  between  the  Atlantic  and  the  Equatorial  areas  than 
is  possible  in  the  Northern  hemisphere  ;  and  (2)  a  reduction  in  the  tem- 

*  See  *  Lightning'  Report,  p.  186. 

t  *  Lightning '  Beport,  p.  187,  note: — The  lowest  Temperature  actually  observed  in 
theie  Soundings,  with  Thermometers  protected  on  Admiral  Fitzroj's  plan,  was  36^^.  The 
temperatore  of  33^**  given  in  the  '  Lightning  *  Report  as  existing  below  1800  fathoms, 
proves  to  hare  been  only  an  esiimafe  formed  by  Captain  Shortland,  under  the  idea  that 
the  rate  of  reduction  obeerved  at  smaller  depths  would  continue  uniform  to  the  bottom, 
wbiflfa  the  Serial  soundings  of  the  *  Porcupine '  prove  to  be  by  no  means  the  case. 
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peratore  of  ibe  deepert  paits  of  dM  grart  Soaftflrm  Oina  ot«kM«v  ii^ 
of  the  North-Atkntie  8e»-bed.  Nov  lo  Cv  m  ov  pnMHl 
extendi,  both  these  lolcreDecs  are  in  aceoidanoe  vMh  ftet';  tat  it  m 
known  to  NftTipilon  that  m  aU  the  Sootliem  OeeuM  then  w  a  powfllii 
'"set"  of  wann  surfiuse-water  towards  the  Antaralic Fob  (lUs  •'set" 
so  decided  in  one  part  of  the  Soathem  Indiaa  Oesan  aa  to  ba 
by  Capt.  Manrj  to  the  Onlf-stream  of  the  North  Adaatie) ;  asid  it  fa  ab- 
Tious  that  such  a  constant  flow  of  mriaee  water  cannot  ba  SMinlsfaii* 
without  an  cqniTalent  flow  of  deeper  water  m  the  opposite  diveelion.  Of 
the  great  depression  of  temperature  which  would  be  prodoeed  bgr 
unrestricted  spread  of  frigid  water  orer  the  deeper  parts  of  the 
Oceanic  basins,  indications  are  afforded  by  the  deep  Trmprrsf  urn  aoiiudiBp 
taken  in  Sir  James  C.  Ross*s  Antarctic  Expedition^  the  Voyage  of  thi 
'  Venus/  &c. ;  for  when,  as  in  several  of  these  obaerratioos^  the  tMiiaBfat 
Temperature  was  from  39°  to  36^  at  depths  greater  than  1500  lathooM^  tfai 
probable  correction  for  pressure  would  redoee  these  to  meimmi  tsmpcialaws 
of  from  32^  to  29°,  or  eren  lower. 

122.  It  would  appear  from  the  foregoing  eonsideradona  that  the  Tem- 
perature of  the  Deep  Ocean  will  everywhere  depend  upon  the  amoont  sf 
Frigid  water  which  can  find  its  way  from  the  Polar  towards  the  Bqnatnrid 
area  ;  and  that  this  will  be  mainly  regulated  by  the  Distribution  of  Lead 
and  Water,  any  considerable  alteration  iu  which  may  produce  a  wide- 
spread general  cliange  of  submarine  climate  over  yast  areas,  besides  modify- 
ing, in  the  manner  already  pointed  out  (§  105),  the  distribution  of  sub- 
marine climate  over  the  parts  of  the  Sea-bed  traversed  by  special  Fijlu  or 
Equatorial  Polar  currents.  And  thus  great  additional  force  is  added  to  the 
remark  made  in  the  'Lightning'  Report  (p.  194)  that  a  considerable 
modification  of  Submarine  Climate  might  depend  upon  alterations  in 
the  contour  of  the  land,  or  on  the  level  of  the  sea-bottom,  ai  a  pnti 
distance.  For  when  the  South  Polar  basin  was  in  great  part  shut  in  bj 
the  Antarctic  Continent  which  (as  appears  from  Dr.  Hooker's  Botanicd 
researches)  must  have  formerly  united  South  America,  New  Zealand,  and 
Australia,  the  Deep-sea  temperature  of  the  Southern  Oceanic  area  generallj 
must  have  been  higher  by  some  degrees  than  we  have  reason  to  believe  it  to 
be  at  present ;  whilst,  on  the  other  hand,  if  there  ever  was  a  time  when  the 
present  North  Pacific  Area  had  a  more  free  communication  with  the  Ardie 
Basin  than  the  present  narrow  and  shallow  channel  of  Behring's  Straits 
affords,  its  Deep-sea  temperature  must  have  been  lower  by  some  degrees 
than  it  is  likely  to  be  found  at  present. 

123.  It  is  obvious  that  the  distribution  of  Submarine  Climate  most 
exert  a  most  important  influence  on  the  distribution  of  Animal  Life ;  and 
of  such  influence  the  Deep-sea  Dredgings  carried  on  in  this  Expedition 
through  a  wide  Geographical  range  have  afibrded  most  convincing  evidence; 
as  will  be  fully  set  forth  in  the  Second  Part  of  this  Report.  For  manj 
species  of  Molluscs,  Crustacea,  and  Echinodermata  previously  anppoaed  to 
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to  be  purely  Arctic  have  been  found  to  range  southwards  in  deep  water  as 
fiur  as  those  dredgings  extended — ^namely,  to  the  northern  extremity  of  the 
Bay  of  Biscay ;  and  the  considerations  already  urged  render  it  highly  pro- 
bable that  an  extension  of  the  same  mode  of  exploration  would  bring 
tbem  up  from  the  abysses  of  even  Intertropical  seas,  over  which  a  simi- 
lar Climate  prerails,  and  that  an  actual  continuity  may  thus  be  found  to 
exist  between  the  Arctic  and  the  Antarctic  Faunee.  This  idea  was  well 
pat  forth  some  years  since  by  our  excellent  friend  Prof.  Lov^n  of  Stock- 
holm, in  his  discussion  of  the  results  of  the  deep-sea  Dredgings  executed 
by  the  Swedish  Spitzbergeu  Expedition  of  1861,  under  Torell.  "Con- 
sidering," he  says,  "  the  power  of  endurance  in  these  lower  marine  animals, 
and  recollecting  the  facts  that  properly  Arctic  species  which  live  also  on 
the  coast  of  Europe,  are  generally  found  there  at  greater  depths  than  in 
their  proper  home,  and  that  certain  Antarctic  species  very  closely  agree 
with  Arctic  species,  the  idea  occurs  that,  while  in  our  own  seas  and  those 
of  warm  climates,  the  surface,  the  coast-line,  and  the  lesser  depths  are 
peopled  with  a  rich  and  varied  Fauna,  there  exists  in  the  great  Atlantic 
depression,  perhaps  in  all  the  abysses  of  our  globe,  and  continued  from 
P(de  to  Pole,  a  Fauna  of  the  same  general  character,  thriving  under  severe 
conditions,  and  approaching  the  surface  where  none  but  such  exist,  in  the 
coldest  seas."  It  had,  moreover,  been  long  previously  suggested  by  Sir 
James  C.  Ross,  on  the  basis  of  observations  made  during  his  Antarctic 
▼oyage ;  for  these  observations  had  led  him  to  believe  that  water  of  similar 
temperature  to  that  of  the  Arctic  and  Antarctic  seas  exists  in  the  depths  of 
the  Equatorial  Ocean,  and  that  Arctic  species  may  thus  find  their  way  to 
the  Antarctic  area,  and  vice  versd. — The  "  similar  temperature"  believed 
by  Sir  James  Ross  to  have  had  this  general  prevalence  seems  to  have  been 
39^ ;  whereas  our  observations  distinctly  prove  that  a  temperature  even  be- 
low 30^  may  be  conveyed  by  Polar  streams  far  into  the  Temperate  zone,  and 
that  the  general  temperature  of  the  deepest  part  of  the  North- Atlantic 
aea-bed  has  more  of  a  Polar  character  than  he  supposed.  Further,  as 
there  must  have  been  deep  seas  at  all  Geological  epochs,  and  as  the  Phy- 
nod  forces  which  maintain  the  Oceanic  circulation  must  have  been  in 
operation  throughout,  though  modified  in  their  local  action  by  the  parti- 
cular distribution  of  land  and  water  at  each  period,  it  is  obvious  that  the 
presence  of  Arctic  types  of  animal  life  in  any  Marine  formation  can  no 
longer  be  accepted  as  furnishing  evidence  per  se  of  the  general  extension 
of  Glacial  action  into  Temperate  or  Tropical  regions. 

124.  Whilst  the  question  of  Deep-Sea  Temperature  is  one  of  the  greatest 
Biological  interest,  its  determination  is  of  even  greater  importance  to  the 
Gkologist,  as  affecting  his  interpretation  of  the  phenomena  on  which  his  belief 
in  a  former  general  prevalence  of  a  Glacial  climate  is  founded.  For  if  a 
GUunal  temperature  should  be  found  now  to  prevail,  and  types  of  Animal  life 
conformable  thereto  should  prove  to  be  diffused,  over  the  deeper  portion  of 
the  existing  sea-bed  in  all  parts  of  the  Globe,  it  is  obvious  that  the  same 
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may  have  been  the  caie  at  tmy  Gkological  epoch ;  far  there  mmA  hatre 
been  deep  seas  in  all  perioda,  and  the  Phjaical  forcea  which  nuntaiB  the 
Oceanic  circulation  at  the  preaent  time  moat  hare  been  uteayvm  opefatioB» 
though  modified  in  their  local  action  by  the  diatribution  of  land  and  water 
existing  at  any  particular  date.  And  aa  the  elevation  of  the  preaent  deep 
sea-bed  of  even  the  intertropical  Oceanic  area  would  (if  we  hare  correctly 
interpreted  the  results  of  our  own  and  others'  obaerrations)  ofller  to  the 
study  of  the  Geologist  of  the  future  a  deposit  characterised  by  the  prcaenee 
of  Polar  types,  so  must  the  Geologist  of  the  present  hesitate  in  regarding 
the  occurrence  of  Boreal  types  in  any  marine  deposit  as  adequate  eridenee 
per  se  of  the  general  extension  of  Glacial  action  into  Temperate  or  Tropical 
regions.  At  any  rate,  it  may  be  considered  as  having  been  now  placed 
beyond  reasonable  doubt  that  a  Gfiaeial  Submarine  Climate  may  prevaU 
over  any  Area,  without  having  any  relation  whatever  to  the  Terre$trud 
Climate  of  that  Area  *• 

125.  Compoeilion  of  Sea- Water, — A  considerable  number  of  aampka 
of  Sea-water  were  collected  in  di£Perent  localitiea  and  at  different  depths* 
for  the  purpose  of  being  submitted,  on  our  return  home,  to  the  complete 
analysis  which  Dr.  Frankland  had  been  kind  enough  to  undertake.  Aa  the 
quantities  collected  in  the  first  two  cruises,  however,  proved  insufficient  for 
his  special  purpose — the  determination  of  the  quantity  of  Organic  matter,— 
a  set  of  Winchester  quart  bottles  was  taken  out  in  the  Third  cruise ;  and 
these  were  filled  from  surface^  and  from  6o/^oiit-waters  in  four  localitiea, two  in 
the  Warm  and  two  in  the  Cold  area.  The  important  results  of  Dr.  Frank- 
]and*s  analyses  of  these  samples  are  given  in  Appendix  II.  The  differences 
in  Specific  Gravity,  and  in  the  proportion  of  the  ordinary  Saline  constituents 
(as  indicated  by  that  of  the  chlorine)  are  scarcely  as  great  as  might  have 
been  anticipated  ;  but  in  so  far  as  they  extend,  they  are  generally  conform* 
able  to  the  doctrine  of  Forchammer,  that  Polar  water  is  more  dilute  than 
Equatorial.  In  particular  it  may  be  noted  that  the  lowest  Specific  Gra- 
vity (1*0262),  which  coincided  with  a  still  lower  proportion  in  the  total  of 
Solid  matter,  presented  itself  in  the  waters  taken  from  the  Arctic  stream 
nearest  its  presumed  source  (§  70).  But  the  most  novel  and  important 
feature  in  these  analyses  is  the  large  quantity  ot  Organic  Matter  indicated 
by  them  as  universally  present  in  the  water  of  the  open  Ocean  at  great 
distances  from  land  and  at  all  depths.  This  has  a  direct  bearing  on  a 
question  of  the  greatest  Biological  interest, — What  is  the  source  ofNutri' 
ment  for  the  vast  mass  of  Animal  life  covering  the  abyssal  Sea- bed  T 

1 26.  That  Animals  have  no  power  of  themselves  generating  the  Organic 
Compounds  which  serve  as  the  materials  of  their  bodies — and  that  the 
production  of  these  materials  from  the  carbonic  acid,  water,  and  ammonia 

*  Since  the  above  was  written,  we  have  learned  from  Prof.  Liveing,  of  Cambridge,  that 
Mr.  Lucas  Barrett,  formerly  Assistant  to  Prof.  Sedgwick,  ascertained,  not  long  before  bis 
lamented  death,  the  existence  of  a  temperature  not  far  above  the  freezing-point  in  the 
deepest  part  of  the  sea  near  Jamaica. 
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i  the  Inoiganic  world,  under  the  influence  of  Light,  is  the  special  attribute 
*f  Vegetation — ^is  a  doctrine  so  generallj  accepted,  that  to  call  it  in  ques- 
ion  would  be  esteemed  a  Physiological  heresy.  There  is  no  difficulty  in 
eeimnting  for  the  alimentation  of  the  higher  Animal  types,  with  such  an 
ndiinited  supply  of  food  as  is  afforded  by  the  Glohigerince  and  the  Spongee 
1  the  midst  of  which  they  live,  and  on  which  many  of  them  are  known  to 
eed.  Giyen  the  Protozoa,  everything  else  is  explicable.  But  the  ques- 
ioD  returns, — On  what  do  these  Protozoa  live  ? 

127.  The  hypothesis  has  been  advanced  that  the  food  of  the  abyssal 
V^otesoa  is  derived  from  Diatome  and  other  forms  of  minute  Plants,  which, 
rdinarily  living  at  or  near  the  surface,  may,  by  subsiding  to  the  depths, 
any  down  to  the  animals  of  the  sea-bed  the  supplies  they  require.  Our 
lamination  of  the  surface-waters,  however,  has  afforded  no  evidence  of  the 
ditence  of  such  Microphytic  vegetation  in  quantity  at  all  sufficient  to 
apply  the  vast  demand ;  and  the  most  careful  search  in  the  Glohigerina- 
md  has  failed  to  bring  to  light  more  than  a  very  small  number  of  speci- 
lens  of  these  Siliceous  envelopes  of  Diatoms,  which  would  most  assuredly 
laire  revealed  themselves  in  abundance  had  these  Protophytes  served  as  a 
rindpal  component  of  the  food  of  the  Protozoa  that  have  their  dwelling- 
»hce  on  the  sea-bed. — Another  hypothesis  has  been  suggested,  that  these 
\atogoa,  which  are  so  near  the  border  of  the  Vegetable  kingdom,  may  be 
Ue»  like  Plants,  to  generate  Organic  Compounds  for  themselves, — manufac- 
oring  their  own  food,  so  to  speak,  from  Inorganic  materials.  But  it  is 
earcely  conceivable  that  they  could  do  this  without  the  agency  of  Light ; 
ndy  as  it  is  obviously  the  want  of  that  agency  which  excludes  the  possibi- 
Kj  of  V^tation  in  the  abysses  of  the  ocean,  the  same  deficiency  would 
^ref^ent  Animals  from  carrying  on  the  like  process. 

128.  A  possible  solution  of  this  difficulty,  first  offered  by  Professor  "Wyville 
lumiion  in  a  Lecture  delivered  in  the  spring  of  1869,  has  received  so  remark- 
Ue  a  confirmation  from  the  researches  made  in  the  '  Porcupine '  expedi- 
ion,  that  it  may  now  be  put  forth  with  considerable  confidence.  It  is,  he  re- 
narked,  the  distinctive  character  of  the  Protozouy  that  "  they  have  no 
pedal  organs  of  nutrition,  but  that  they  absorb  water  through  the  whole 
urface  of  their  jelly-like  bodies.  Most  of  these  animals  secrete  exquisitely 
Dimed  skeletons,  sometimes  of  Lime,  sometimes  of  Silica.  There  is  no 
kmbt  that  they  extract  both  of  these  substances  from  the  Sea-water, 
Ithongh  Sihca  often  exists  there  in  quantity  so  small  as  to  elude  detec- 
km  by  chemical  tests.  All  Sea- water  contains  a  certain  amount  of  Organic 
oatter  in  solution.  Its  sources  are  obvious.  All  rivers  contain  a  large 
[uantity  ;  every  shore  is  surrounded  by  a  fringe,  which  averages  about  a 
nile  in  width,  of  olive  and  red  Seaweeds ;  in  the  middle  of  the  Atlantic 
here  is  a  marine  meadow,  the  Sargasso  Sea,  extending  over  3,000,000 
f  aqiiare  miles ;  the  sea  is  full  of  Animals  which  are  constantly  dying  and 
'^'S^yiQg ;  And  the  water  of  the  Gulf-stream  especially  courses  round  coasts 
rhere  the  supply  of  organic  matter  is  enormous.     It  is,  therefore,  quite 
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intelligible  that  a  world  of  animals  should  live  in  these  dnk  alijii;  M 
it  is  a  necessary  condition  that  thej  should  chiefly  bdong  to  a  elus  flqiaUs 
of  being  supported  by  absorption  through  the  surface  of  matter  fanolnboQi 
developing  but  little  heat,  and  incurring  a  Tery  small  amoimt  of  waste  If 
any  manifestation  of  vital  activity.  According  to  this  view,  it  Mens  U^ 
probable  that  at  all  periods  of  the  earth's  history  some  finrm  of  tha  Fki^ 
tozoa  (RhizopodSy  Sponges,  or  both)  predominated  over  all  othor  tarn 
of  animal  life  in  the  depths  of  the  Sea,  whether  spreading,  compait.  asl 
reef-like,  as  in  the  Lanrentian  and  Palnoioic  Botoon,  or  in  the  ftrmif 
myriads  of  separate  organisms,  as  in  the  QloKgerinm  and  FeniriemKimtt 
the  Chalk"*. 

129.  During  each  Cruise  of  the  'Porcupine,'  samples  of  Sea-water  eb* 
tained  from  various  depths,  as  well  as  from  the  surface,  at  stations  fiv  it* 
moved  from  land,  were  submitted  to  the  Permanganate  test  after  themelliol 
of  Prof.  W.  A.  Miller,  with  an  addition  suggested  by  Dr.  Angus  9miA 
for  the  purpose  of  distinguishing  the  Organic  matter  in  a  9iai€  qfdeem 
position  from  that  which  is  only  deeompotable ;  with  the  result  of  ahoiriig 
the  uniform  presence  of  an  appreciable  quantity  of  matter  of  the  latter  kisdi 
which,  not  having  passed  into  a  stete  of  decomposition,  may  he  assimilsMe 
as  food  by  animals, — being,  in  fact.  Protoplasm  in  a  stete  of  eztreme'dilntieB. 
— Until,  therefore,  any  other  more  probable  hypothesis  shall  have  been 
proposed,  the  sustenance  of  Animal  life  on  the  ocean-bottom  at  any  depth 
may  be  fairly  accounted  for  on  the  supposition  of  Prof.  Wyville  Thomson* 
that  the  Protozoic  portion  of  that  Fauna  is  nourished  by  direct  absorption 
from  the  dilute  Protoplasm  diffused  through  the  whole  mass  of  Oceanic 
waters,  just  as  it  draws  from  the  same  mass  the  Mineral  ingrediente  of  the 
skeletons  it  forms.  This  diifused  Protoplasm,  however,  must  be  continO' 
ally  undergoing  decomposition,  and  must  be  as  continually  renewed ;  and 
the  source  of  that  renewal  must  lie  in  the  mrface-life  of  Plants  and  Ani- 
mals, by  which  (as  pointed  out  by  Prof.  Wyville  Thomson)  fresh  supplitf 
of  Organic  matter  must  be  continually  imparted  to  the  Oceanic  waten 
being  carried  down  even  to  their  greatest  depths  by  that  liquid  diffvnt* 
which  was  so  admirably  investigated  by  the  late  Professor  Graham. 

130.  The  analvsis  of  the  Gases  contained  in  Sea-water,  collected  not 

only  at  the  surface  but  from  various  depths  beneath  it,  was  systematicaOf 

carried  on  during  the  whole  of  the  Expedition.     The  results  cannot  be 

considered  as  entirely  satisfactory  ;  since  it  is  by  no  means  certain  that  the 

relative  proportions  of  the  gases  obtained  by  boiling  water  taken  up  from 

great  depths  may  not  have  been  affected  by  the  liberation  of  a  portion  of 

these  gases  when  the  superincumbent  pressure  was  removed.     But  thej 

will  be  found  extremely  suggestive,  and  seem  to  have  a  tolerably  definite 

relation  to  the  Respiration  of  the  Abyssal  Fauna.     Referring  to  Appendix !• 

for  a  fuller  statement  of  details,  we  may  here  call  attention  to  their  genenl 

*  '*  The  Depths  of  the  Sea."  a  Lecture  delivered  in  the  theatre  of  the  Royal  Dnbtii 
Society,  April  10, 1869. 
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bearing. — ^The  general  average  of  thirt j  analyses  of  sur/aee'WBter  gives  the 
following  as  the  percentage  proportions : — 25*  1  Oxygen,  54*2  Nitrogen, 20*7 
Carbonic  Add.  This  proportion,  however,  was  subject  to  great  variations, 
•a  will  be  presently  shown.  As  a  general  rule,  the  proportion  of  Oxygen 
waa  found  to  diminish,  and  that  of  Carbonic  Acid  to  increase,  with  the 
depth,  the  results  of  analyses  of  intermediate  waters  giving  a  percentage 
of  22'0  Oxygen,  52*8  Nitrogen,  and  26*2  Carbonic  Acid;  whilst  the  re* 
suits  of  analyses  of  ^o//om-waters  gave  19*5  Oxygen,  52*6  Nitrogen,  and 
27'9  Carbonic  Acid.  But  bottom-wsLter  at  a  comparatively  small  depth 
often  contained  as  much  Carbonic  Acid  and  as  little  Oxygen  as  interme" 
a^ie  water  at  much  greater  depths ;  and  the  proportion  of  Carbonic  Acid 
to  Oxygen  in  5o//oin- water  was  found  to  bear  a  much  closer  relation  to  the 
abundance  of  Animal  life  (especially  of  the  more  elevated  types),  as  shown 
bj  the  Dredge,  than  to  its  depth.  This  was  very  strikingly  shown  in  an 
inatance  in  which  analyses  were  made  of  the  gases  contained  in  samples  of 
water  collected  at  every  50  fathoms,  from  400  fathoms  to  the  bottom  at 
862  fiithoms,  the  percentage  results  being  as  follows : — 

750  fath.  800  fatb.  Bottom,  862  fath. 

Oxygen    18*8  17*8  17*2 

Nitrogen 49*3  48*5  34*5 

Carbonic  Acid. .  . .     31*9  337  483 

The  extraordinarily  augmented  percentage  of  Carbonic  Acid  in  the 
itratum  of  water  here  immediately  overlying  the  Sea-bed  was  accompanied 
bj  a  great  abundance  of  Animal  life.  On  the  other  hand,  the  lowest  per- 
centage of  Carbonic  Acid  found  in  bottom-water  (viz.  7*9)  was  accompanied 
bjr  a  ''very  bad  haul."  In  several  cases  in  which  the  depths  were  nearly 
the  aame,  the  analyst  ventured  a  prediction  as  to  the  abundance,  or  other- 
wise, of  Animal  life,  from  the  proportion  of  Carbonic  Acid  in  the  bottom^ 
water ;  and  his  prediction  proved  in  every  instance  correct. 

131.  It  would  appear  probable,  therefore,  that  the  increase  in  the  pro- 
portion of  Carbonic  Acid,  and  the  diminution  in  that  of  the  Oxygen,  in  the 
abyssal  waters  of  the  Ocean,  is  due  to  the  Respiratory  process ;  which  is  no 
len  a  necessary  condition  of  the  existence  of  Animal  life  on  the  sea-bed 
than  is  the  presence  of  food- material  for  its  sustenance.  And  it  is  further 
obrioos  that  the  continued  consumption  of  Oxygen  and  liberation  of  Car- 
bonic Acid  would  soon  render  the  stratum  of  water  immediately  above  the 
bottom  completely  irrespirable  (in  the  absence  of  any  antagonistic  process 
of  Vegetation)  were  it  not  for  the  upward  diffusion  of  the  Carbonic  Acid 
through  the  intermediate  waters  to  the  surface,  and  the  downward  diffusion 
of  Oxygen  yrom  the  surface  to  the  depths  below.  A  continual  interchange 
wiU  take  place  at  the  surface  between  the  gases  of  the  Sea-water  and  those 
of  the  Atmosphere  ;  and  thus  the  Res^nration  of  the  Abyssal  Fauna  is  pro- 
lided  for  by  a  process  of  diffusion,  which  may  have  to  operate  through  three 

wdlee  or  more  of  intervening  water. 

2o2 
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132.  The  yarjiog  proportions  of  Cerlioiiie  Acid  and  Oijgm  m  Ike 
«ur/aetf-waters  are  donbUesa  to  be  aeeonnted  far  m  part  bjr  tlie  dMhweaa 
in  the  amount  and  character  of  the  Animal  life  eadatiDg  beneath;  bat  e 
comparison  of  the  results  of  the  analyses  made  dnriog  tha  agptaftion  of  the 
surface  by  wind,  with  those  made  in  calm  weather,  ahowed  io  decided  a  la- 
duction  in  the  proportion  of  Carbonic  Add,  with  an  inereaae  in  thalef 
Oxygen,  under  the  former  condiUon,  as  almost  mieqniToeaDj  to  iadwale 
that  superficial  disturbance  of  the  sea  by  Atmospheric  moTement  ia  aliaa- 
lutely  necessary  for  its  purification  from  the  nozioos  eftets  of  Aimnal  de- 
composition. Of  this  Tiew  a  most  unexpected  and  remarkable  wmfirmalion 
has  been  afforded  by  the  following  circumstance ;— In  one  of  the  analyaea 
of  Surface-water  made  during  the  Second  cruise,  the  percentage  of  CailMnie 
Acid  fell  as  low  as  3*3,  while  that  of  Oxygen  rose  as  high  aa  37"!  ;  and 
iu  alike  analysis  made  during  the  Third  cruise,  the  percentage  of  CailMMiie 
Acid  was  5*6,  while  that  of  Oxygen  was  45*3.  As  the  rmdta  of 
other  analysis  of  Surface* water  were  in  marked  contrast  to  theacbit 
a  question  whether  they  should  not  be  thrown  out  as  erroneoos ;  until  it 
was  recollected  that  whilst  the  samples  of  surface-water  had  been  genenDy 
taken  up  from  the  how  of  the  tcsscI,  they  had  been  drawn,  in  these  two 
instances,  from  abaft  the  paddtes,  and  had  thus  been  subjected  to  aaeh  a 
violent  agitation  in  contact  with  the  Atmosphere  as  would  preeminent^ 
favour  their  thorough  aeration. — Hence,  then,  it  may  be  affirmed  that 
every  disturbance  of  the  Ocean-surface  by  Atmospheric  movement,  from 
the  gentlest  ripple  to  the  most  tremendous  storm-wave,  contributes^  in 
proportion  to  its  amount,  to  the  maintenance  of  Animal  life  in  its  Abyssal 
depths  ;  doing,  in  fact,  for  the  aeration  of  the  fluids  of  their  inhabitanti 
just  what  is  done  by  the  heaving  and  falling  of  the  walls  of  our  own  cheit 
for  the  aeration  of  the  blood  which  courses  through  our  lungs.  A  perp^ 
tual  calm  would  be  as  fatal  to  their  continued  existence  as  the  forcible 
stoppage  of  all  Respiratory  movement  would  be  to  our  own ;  and  thai 
universal  stagnation  would  become  universal  death. 
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APPENDIX. 

I.— iSicjMinar^  of  the  Results  of  the  Examination  of  Samples  of  Sea-water 
taken  at  the  Surface  and  at  Various  Depths.  By  Wm.  Lant  Car- 
penter, B.A.,  B.Sc. 

Surface-waters, — Care  was  taken  to  obtain  these  samples  as  pure 
as  possible,  and  free  from  any  contamination  caused  by  matters  de- 
rived from  the  vessel,  by  dipping  them  up  in  clean  vessels  at  a  few  inches 
below  the  surface  at  or  near  the  bow  of  the  ship.  In  two  instances,  how- 
ever, the  samples  were  taken  from  abaft  the  paddles. 

Waters  taken  at  depths  below  the  surface, — It  was  found  desirable  to 
coat  the  brass  Water-Bottles  (§  19)  internally  with  sealing-wax  varnish, 
owing  to  the  corrosive  action  of  the  sea-water.  The  apparatus  was  then 
found  to  work  perfectly  satisfactorily  in  all  cases  in  which  there  was  suffi- 
cient weight  on  the  Sounding-line  to  which  they  were  attached  to  keep  the 
bottles  perpendicular,  or  nearly  so.  When,  from  the  smallness  of  the  at- 
tached weight,  or  the  roughness  of  the  sea,  the  sounding-line  was  at  an  acute 
angle  with  the  general  level  of  the  sea-surface  while  it  was  being  drawn  up, 
the  results  of  the  examination  of  water  thus  obtained  rendered  it  highly 
probable  that  some  water  at  or  near  the  surface  had  found  its  way  into 
the  bottle,  and  that  its  contents  were  not  to  be  relied  on  as  coming  from 
the  lowest  depths. 

When  Bottom-water  was  obtained  from  depths  beyond  500  fathoms, 
it  was  almost  invariably  charged  with  a  quantity  of  very  fine  mud  in  sus- 
pension, rendering  it  quite  turbid.  Many  hours'  standing  was  necessary 
fer  the  deposit  of  this  ;  but  it  was  readily  removed  by  filtration.  In  no 
instance  was  there  any  evidence  of  water  from  great  depths  being  much 
more  highly  charged  with  dissolved  gases  than  Surface-waters ;  a  consider- 
able elevation  of  temperature  being  in  all  cases  necessary  for  the  evolution 
of  any  dissolved  gas. 

Mode  of  Examining  Samples, — The  samples  of  water  thus  taken  were 
examined  with  as  little  delay  as  possible,  with  a  view  to  determine : — 

( 1 )  The  Specific  Gravity  of  the  water. 

(2)  The  total  quantity  of  dissolved  Gases  contained  in  them,  and  the  re- 

lative proportions  of  Oxygen,  Nitrogen,  and  Carbonic  Acid. 

(3)  The  quantity  of  Oxygen  necessary  to  oxidize  the  Organic  matter 

contained  in  the  water ;  distinguishing  between 

a,  the  decomposed  organic  matter,  and 

b,  the  easily  decomposable  organic  matter. 

(1)  The  Specific-Gravity  determinations  were  made  at  a  temperature  as 
near  60°  Fahr.  as  possible,  with  delicate  glass  Hydrometers,  so  graduated 
that  the  Specific  gravity  could  be  read  off  directly  to  the  fourth  decimal 
place  with  ease. 

(2)  The  apparatus  for  the  analysis  of  the  Gases  dissolved  in  the  sea- 
water  was  essentially  that  described  by  Prof.  Miller  in  the  second  volume 
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of  his  '  Elements  of  Chemistrj/  It  was  fband  mtmnrj  to 
veral  modifications  in  it,  to  adapt  it  to  the  motion  of  the  ▼€§■<!,  Thoae 
consisted  chiefly  in  suspending  much  of  it  ftom  the  oaMn-eeDiilg^  fautaad 
of  supporting  it  from  beneath,  and  in  rendering  all  the  parta  baa  figpd 
by  a  free  use  of  caoutchouc  tubing,  &c.,  the  utmost  care  being  taken  to 
keep  all  joints  tight. 

It  was  found  possible  to  make  correct  analyies*  even  when  tilt  -nmA 
was  rolling  sufficiently  to  upset  chairs  and  cabin*fiiniitoie. 

The  method  of  Analysis  may  be  thus  summariaed :— From  700  to  800 
cubic  centimetres  of  the  sample  to  be  examined  were  bdled  fox  about  30 
minutes,  in  such  a  way  that  the  steam  ^  and  mixed  gasea  erolTed  wave  eol* 
lected  over  mercury  in  a  small  graduated  Bansen*a  Gaa-holder,  all  aoesfl 
of  air  being  carefully  guarded  against.  The  mixed  gasea  were  then  tna^ 
ferred  to  two  graduated  tubes  in  a  mercurial  trough^  where  the  OariMMUO 
Acid  was  first  absorbed  by  a  strong  solution  of  canstie  potash ;  and  adbs^ 
quently  the  Oxygen  was  absorbed  by  the  addition  of  pyiogallio  add»  dM 
remaining  gas  being  assumed  to  be  Nitrogen. 

The  results  of  the  analyses  were  always  corrected  to  the  atandaid  Tsai* 
perature  of  0^  Cent.,  and  to  760  millimetres  Barometric  pressureb  &*  CQafr> 
parison  among  themselves  and  with  others.  In  nearly  every  ease  the  da* 
plicate  analyses  from  the  same  gaseous  mixture  agreed  closely,  if  they  were 
not  identical. 

(3)  The  examination  of  the  Sea-water  for  Organic  matter  was  made  ac- 
cording to  the  method  detailed  by  Prof.  Miller  in  the  Journal  of  the  Che- 
mical Society  for  May  1865,  with  an  addition  suggested  by  Dr.  Angus 
Smith.  Each  sample  of  water  was  divided  into  two;  to  one  of  theses 
little  free  acid  was  added,  and  to  both  an  excess  of  a  standard  solution  of 
Permanganate  of  potash.  At  the  end  of  three  hours  the  reaction 
stopped  by  the  addition  of  Iodide  of  potassium  and  Starch,  and  the 
of  Permanganate  estimated  by  a  standard  solution  of  Hyposulphite  of  soda. 
The  portion  to  which  free  acid  was  added  gave  the  Oxygen  required  to 
oxidize  the  decomposed  and  easily  decomposable  organic  matter;  the  second 
portion  gave  the  oxygen  required  by  the  decomposed  organic  matter  alone, 
which  was  usually  from  about  one-half  to  one-third  of  the  whole. 

The  following  is  a  Summary  of  the  total  number  of  observations,  sos- 
lyses,  &c.  made  during  the  Three  Cruises  respectively  : — 


1 
1 
1 

1 

First 
Cruise. 

Second 
Cruise. 

Third 
Croite. 

TotaL 

Specific-Gravity  detenninatioiiB  • 
'  Duplicate  Gts-anal yses 

72    i    27 

1 

45     i    23 
137          x6 

26 
21 

3» 

"5 

«9S 

i  Orsanic-iiiatter  tests 

1 
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Speeifie  Chramty. — ^The  Specific  Gravity  of  Surface-water  was  found  to 
diminish  slightly  as  land  was  approached ;  but  the  average  of  32  observa- 
tioni  upon  water  at  a  sufficient  distance  from  land  to  be  unaffected  by  local 
disturbances  was  1*02779,  the  maximum  being  1*0284 

and  the  minimum ....    1  '0270. 

It  was  almost  always  noticed  that,  during  a  high  wind,  the  specific  gravity 
of  surface-water  was  above  the  average. 

The  average  of  30  observations  upon  the  Specific  Gravity  of  Interme- 
diate water  was  1  '0275, 

the  maximum  being 1*0281, 

and  the  minimum    1*0272. 

The  Specific  Gravity  of  Bottom-waters  at  depths  varying  from  77  to 
2090  fathoms,  deduced  from  an  average  of  43  observations,  was 

10277, 

the  maximum  being 1  0283, 

and  the  minimum 1*0267. 

It  will  be  noticed  that  the  average  Specific  Gravity  of  Bottom-water 
is  slightly  less  than  that  of  Surface-water.  In  several  instances  the  Specific 
Gravities  of  Surface-  and  of  Bottom-waters  taken  at  tlie  same  place  having 
been  compared,  that  of  the  Bottom-water  was  found  to  be  appreciably  less 
than  that  of  the  Surface-water.     Thus 

At  1425  fathoms  depth  (Station  17)  it  was  . .    1-02G9 

Surface  at  the  same    1'0280 

And 

At  664  fathoms  depth  (Station  2(>  6)  it  was  . .    1'0272 
Surface  at  the  same 1'0280 

According,  however,  to  a  Series  of  observations  made  at  the  same  spot 
(Sution  42)  at  intervals  of  50  fathoms,  from  50  to  800,  the  Specific  Gra- 
vity increased  with  the  depth  from  1  0272  at  50  fathoms  to  1  0277  at 
800  fathoms*. 

Several  series  of  Sp.-Gr.  observations  were  made  near  the  mouths  of 
rivers  and  streams ;  showing  the  gradual  mixture  of  fresh  and  salt  water, 
and  the  floating  of  lighter  ])ortions  above  the  denser  sea-water,  as  well  as 
the  reverse  effect  produced  by  the  infiiience  of  tidnl  currents.  Thus  out- 
side Belfast  Lough  a  rapid  stream  of  water  of  Sp.  Gr.  1  0270  was  found 
above  water  which  at  a  depth  of  73  fathoms  Iind  a  Sp.  Gr.  of  1*0265. 

GaseM  of  Sea-water, — The  analyses  of  the  Gaseous  constituents  of  sea- 
water  may  be  divided  into  two  groups:  (1)  Analyses  of  Surface-waters. 
(2)  Analyses  of  waters  below  the  surface ;  and  these  last  may  be  again 
subdivided  into  (a)  Intermediate,  and  {h)  Bottom-waters. 

The  total  quantity  of  dissolved  gases  in  sea-water,  whether  at  the  surface 

or  below  it,  was  found  to  average  about  2*8  volumes  in  100  volumes  of  water. 

*  My  ovm  experience  of  the  difficulty  of  making  accurate  Hydrometric  detemiinatioos 
when  the  ship  was  rolling  prevents  me  from  attaching  much  value  to  the  above  results.— 
W.  B*  C. 
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The  KTertge  of  30  auJjSH  of  8arbec-w*ten  mids' damg  iW  Ei* 
pedition  gare  the  following  proportioni : — 

Oxygen 25046  100 

NitTi^en 54-211  216 

Carbonic  tod 20743  80 

100000 
Theu  were  tbiu  distributed  over  the  three  Craiaee,  and  the  nuadma  ud 
minims  of  each  constitneut  are  thus  shown. 
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It  is  intercBliog  to  remark  that  Surface-irater  containi  a  greats  qa» 
titj  of  Oxygen  end  a  leu  q^ntitj  of  Carbonic  acid  during  the  prenkDH 
of  strong  wind.  The  following  is  an  average  of  5  analyses  nude  nwler 
such  conditiona ; — 

Ptrcent,        Pioportion.  (  Genernl  sTenge. 

fOsygen. 2910  100     \     25046  100 

5<Nitrogeu 52-87  182     |     .54-211  216 

I  Carbonic  acid    ..      1803  62     I     20/43  83 

In  the  two  cases  which  presented  the  remarkable  small  minima  of  Csi- 
bonic  acid  with  a  great  excess  of  Oxygen,  the  water  had  been  acndentilly 
taken  from  immrdintely  abal^  the  paddles,  where  it  had  been  subject  to 
violent  agitation  in  contact  wilh  air. 

Of  water  at  varioiiB  depths  beneath  the  surface.'SO  analyses  were  made. 
Those  in  the  First  cruise,  2G  in  nnmber,  were  chiefly  from  Bottom- 
water  at  depths  from  25  to  \A7&  fathoms.  In  the  Second  cruise  the 
21  analyses  chiefly  belonged  to  two  Series, — the  first  of  samples  taken 
at  iotervaU  of  2liO  fHthoms,  from  2090  to  230  fathoms,  inclusive  ;  and  the 
second  of  samples  taken  at  intervals  of  50  fathoms  from  6G2  to  400  fathonu 
inclusire.  In  the  Third  cruise  12  analyses  were  made, — 8  of  Bottom-water, 
of  which  one-half  were  in  the  "  cold  area,"  and  4  at  Intermediate  depths. 

The  general  average  of  the  59  analyses  of  water  taken  below  the  surface 
gives  :— 

Oxygen   20-568  100 

Nitrogen 52-240  254 

Carbonic  acid 27jI92  132 

100000" 
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It  will  be  seen  from  this  that  ^hile  the  quantity  of  Nitrogen  is  only 
1*97  per  cent,  less  than  in  surface-water,  the  quantity  of  Oxygen  is  dimi- 
nisihed  by  4*48  per  cent.,  and  the  quantity  of  Carbonic  acid  increased  by 
6*45  per  cent.  This  difference  is  greater  if  Bottom- waters  only  are  com- 
pared with  Surface-waters. 


30  Surfiu;e. 

24  Intermediate. 

85  Bottom. 

Per  cent. 

Proportion. 

Per  cent. 

Proportion. 

Per  cent. 

Proportion. 

OzvKen 

25-05 
54-21 
20-74 

ICO 
216 

83 

22*03 
51-82 
26-15 

100 
235 
119 

19-53 
52-60 

27-87 

100 
261 

143 

Nitrogeu  

Carbonic  acid  

100-00 

lOO'CO 

100-00 

The  two  Series  of  analyses,  before  referred  to,  performed  during  the  Second 
cmise  upon  Intermediate  waters  at  successive  depths  over  the  same  spot 
both  show  a  regular  increase  of  the  Carbonic  acid,  and  diminution  of  the  Oxy- 
gen, as  the  depth  increases,  the  percentage  of  Nitrogen  varying  but  slightly. 

These  general  results  appear  to  show  that  the  Oxygen  diminishes  and 
the  Carbonic  acid  increases  with  the  depth  until  the  bottom  is  reached ; 
but  that  at  the  bottom,  whatever  the  depth  from  the  surface,  the  propor- 
tions of  Carbonic  acid  and  of  Oxygen  do  not  conform  to  this  law,  Bottom- 
water  at  a  comparatively  small  deptli  often  containing  as  much  carbonic 
acid  and  as  little  oxygen  as  Intermediate  water  at  a  greater  depth.  No 
instance  occurred  during  the  first  two  Cruises  in  which  (where  samples  of 
sorfaoe  and  intermediate  or  bottom- waters  were  taken  at  the  same  place) 
the  quantity  of  Carbonic  acid  was  less  and  of  Oxygen  greater  than  at  the 
iorface ;  the  only  exception  occurred  in  the  Third  cruise,  at  a  place  where, 
it  IB  believed,  currents  of  water  were  meeting. 

It  was  frequently  noticed  that  a  large  percentage  of  Carbonic  acid  in 
Bottom-water  was  accompanied  by  an  abundance  of  Animal  life,  as  shown 
bj  the  dredge ;  and  that  where  the  dredge-results  were  barren,  the  quantity 
of  Carbonic  acid  was  much  smaller.  The  greatest  percentage  of  Carbonic 
add  erer  found  was  accompanied  by  an  abundance  of  life  ;  while  at  a  short 
distance  (62  fathoms)  aboTC  the  bottom,  the  proportion  of  Carbonic  acid 
was  conformable  to  the  law  of  variation  with  depth  before  referred  to  : 

Bottom,  862  fros. 
Oxygen 17-22 

Nitrogen 3450 

Carbonic  acid    . *. .      48-28 

100-00 

The  lowest  percentage  of  Carbonic  acid  (7 '93)  ever  found  in  Bottom- 
water,  occurring  at  a  depth  of  362  fathoms,  was  accompanied  by  a  "  very 
iHid  haul.*' 


800  fms. 

750fra8. 

17-79 

18-76 

48-46 

49-32 

33-75 

31-92 

100-00 

10000 
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In  croippg  the  wide  channd  from  tiheN.W,  rflwlMitpwiii  B— lift 
where  the  water  for  mmdo  diftanee  ii  Ofcr  1000  fttlw  dupCl^  i»  ttaft  tti 
other  circumstancet  Tailed  veiy  little,  if  at  all,  tiba  prapavtioB  of  OniMHia 
acid  appeared  toTarjwithtlie  dredge-malta;  aotliattlieaiialjafcw«Btend 
to  predict  whether  the  colleeticm  woold  be  good  or  not  hafim  the  diedge 
came  to  the  Burfiux — drawing  his  inferenee  from  the  icaolCaof  hia  amljui 
of  the  gases  of  the  Bottom-water.    IncadicaseUspredictioiiwaa  joa^fed 


hj  the  result. 

OxTffen     .... 

Statioii  17. 
ItfSfmt. 

..      16-14 

. .     48-78 

. .     3507 

100-00 

GroodhaoL 

Stitkml9. 
1360  fim. 

17-92 

45-88 

36-20 

100-00 

GoodhanL 

StitiMM. 
1443  IkM. 

21-34 

47-51 

31-15 

100-00 

Bad  haul 

fltatiaatl. 
16-68 

Nitrogen  .... 
Carbonic  add 

*1*   WW 

43-46 

39*86 

100-00 

GoodhanL 

In  the  analyses  made  of  the  water  in  the  Cold  Area,  and  genenDf  in 
the  Third  cruise,  there  appears,  as  might  be  expected  from  the 
currents  &c.,  a  greater  rariation  in  the  results  than  in  the  other 
In  the  Bottom  and  Intermediate  waters  the  Nitrogen  appears  to  be  rather 
in  excess  of  the  average,  and  the  Carbonic  add  has  a  large  range  tit  varia- 
tion— from  7*58  per  cent,  at  Station  47  (540  fathoms.  Temp.  43*'-8)  to 
45*79  per  cent,  at  Station  52(384  fathoms,  30°'6  Fahr.).  The  ayerageof 
the  Surface-waters  is  much  the  same  as  in  the  other  parts  of  the  cruise. 

It  maj  be  worth  notice  that  in  localities  where  the  .greatest  depth  did 
not  exceed  150  fathoms,  the  results  of  the  gas-analysis  of  Bottom  and 
Surface-water  were  frequently  so  nearly  the  same,  whatever  the  amount  of 
Animal  life  on  the  bottom,  as  to  lead  to  the  supposition  that  there  might 
be  at  that  limit  a  sufficient  circulation,  either  of  the  particles  of  the  water 
itself  or  of  the  gases  dissolved  in  it,  to  keep  the  gaseous  constitution  alike 
throughout.  The  coincidence  of  this  depth  with  the  extreme  depth  it 
which  Fish  are  usually  found  to  exist  iu  these  seas  is  suggestive. 

Organic  matter, — With  a  view  to  test  the  method  of  analysis  by  Per- 
manganate of  potash,  two  or  three  series  of  analyses  were  made  where  fredi 
and  salt  water  mixed  together,  as  in  Killibegs  Harbour,  Donegal  Bay,  &€. ; 
and  the  results  in  all  cases  justified  the  expectation  formed,  that  the  amoont 
of  permanganate  was  an  index  of  the  comparative  purity  of  the  water,  both 
as  regards  the  "decomposed"  and  the  "  decomposable"  organic  matter. 

Disregarding  the  above  series,  a  total  of  134  experiments  were  made 
upon  Sea-water,  which  may  be  thus  divided : — 

56  upon  Surface-water, 
18    „      Intermediate  water, 
60    „      Bottoth-water, 

134" 
during  the  First  and  Third  cruises. 
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The  resultf  are  giyeo  in  the  quantity  of  Oxygen  in  fractions  of  a  gramme 

required  to  oxidise  the  Organic  matter  in  a  litre  of  water. 

Arerage  of  56  analyses  of  Surface-water  : — 

No. 

28.  Decomposed 000025  1  ^     ^ 

28.  Decomposable ....     0-00070  J 


Maximam. 

Minimum. 

Decomposed. . . . 

. .      000094 

0-00000 

4  cases. 

Decomposable  . . 

. .      0-00100 

0-00000 

I  case. 

Total    

..      0-00194 

0-00000 

1  case. 

Arerage  of  18  analyses  of  Intermediate  water : — 
No. 
9.  Decomposed 000005 1  ^^^^  ^^.^^^3^ 

9.  Decomposable    000034 J 

In  7  out  of  9  there  was  no  "  decomposed  "  Organic  matter ;  and  in  3 
out  of  9  there  was  no  Organic  matter  at  all,  as  indicated  by  this  test. 

In  this  series  the  analyses  of  the  observations  made  during  the  Second 
cruise  are  not  included,  as  the  calculations  have  been  differently  made. 

Arerage  of  60  analyses  of  Bottom-water : — 
No. 

26.  Decomposed 000047 1  ^otal 0-00088. 

34.  Decomposable  ....     0*00041  J 

Maximum. 
Decomposed 0-00105 

Decomposable  ....      0  00 148 

Total    000253 

These  figures  appear  to  show  (1)  that  Intermediate  waters  are  more  free 
from  Organic  contamination  than  cither  Surface-  or  Bottom-waters,  as 
might  be  expected  from  the  comparative  absence  of  animal  life  in  these 
waters ;  (2)  that  the  total  absence  of  Organic  matter  is  least  frequent  in 
Bottom-waters,  and  most  frequent  in  Intermediate  waters,  Surface-waters 
occapying  a  middle  place  in  this  respect ;  and  (3)  that  there  is  not  much 
difference  between  Bottom-  and  Surface-waters,  either  in  the  total  quantity 
of  Organic  contamination  or  in  the  relative  proportions  of  the  "  decom- 
poaed  "  and  ''  easily  decomposable  "  organic  matter. 

-It  may  be  worth  notice  that  when  the  Bottom-water  from  great  depths 
was  muddy,  tests  made  before  and  after  filtration  showed  that  some  of  the 
Organic  matter  was  removed  by  this  operation. 


Minimum, 
0-00000 

0-00000 

0-00000 


2  cases. 
1  case. 
1  case. 
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II, — lienilfs  of  the  Analijm  of  Eight  Samples  of  Sea-Water  eolleeled 
during  the  Third  CniUenf  the 'Poreupine.'     By  Dr.  Fhamkland,  F.E.S. 


Dear  Dr.  Cabpenter, — Hfrewitli  I  enclose  resulU  of  annlyses  of 
the  samples  of  aea-water  collected  during  your  rcceot  cruise  in  the  '  Por- 
cupine.' 

I  shall  not  attempt  to  dnw  any  general  ooBdnmai  ftom  Umm  XHdta; 
your  own  intimate  knowledge  of  the  circanutances  vaSa  iriikb  dia  dttr- 
ent  samples  were  collected  will  enable  jon  to  do  this  nneh  ImHot  Am  L. 

Tbere  is,  however,  one  point  which  is  highly  remarkable  arad  to  lAU  I 
would  drawyonr  attention ;  it  is  the  la^  amoont  of  Twy  b^il j  nHmgiH 
nized  Organic  matter  contained  in  moet  of  the  lanplM,  u  ibowii  bj  tlw 
determinations  of  o^anic  Carbon  and  o^anie  Nitrogen,  aad  tlie  propantiw 
of  organic  Carbon  to  organic  Nitrogen.  For  the  pinpOMi  of  *™wptiriw^  I 
have  appended  the  results  of  analyses  of  Thamea-water  u>d  <tf  the  wriv 
of  Lodi  Katrine,  the  former  representing  probably  about  b  Air  tmnff 
of  the  proportion  of  organic  nitrogen  reaching  the  seft  in  the  rinn  tt 
this  country,  but  bong  presnmabty  oonsiderBbly  greater  thin  thftt  ttm- 
tribnted  by  rivers  in  other  parts  of  the  world.  If  this  be  so,  it  folkm 
either  that  soluble  nitrogenous  organic  matter  is  bemg  generated  from 
inorganic  materials  in  the  sea,  or  that  this  matter  is  undergoing  con- 
ceotratioo  by  the  evaporation  of  the  ocean, — the  rivers  and  streams  con- 
tinually Aimishing  additional  quantities  whilst  the  water  evaporated  takca 
none  away. 

The  amonnts  of  Carbonate  of  Lime  g^ven  in  the  Table  are  obtuned  by 
adding  the  number  3  (representing  the  solnbility  of  carbonate  of  lime  in 
pnre  vrater)  to  the  temporary  hardness  which  denotes  the  carbonate  of  lime 
thrown  down  on  boiling.  As  the  determination  of  temporary  hardness  in 
water  containing  so  much  sehne  matter  is  not  very  accurate,  the  nnmben 
in  the  columns  headed  "  temporary  hardness  "  and  "  carbonate  of  lime  " 
must  only  be  regarded  as  rough  approximations  to  the  truth ;  moreover, 
a  small  proportion  of  carbonate  of  magnesia  is  mixed  with  the  carbonate 
of  lime  aod  estimated  with  it. 

In  all  their  peculiar  features  these  analytical  results  agree  with  those 
which  I  have  previously  obtained  from  numerous  samples  of  aea-watet 
collected  by  myself  off  Worthing  and  Hastings. 

Yours  very  truly, 

E.  Franklani). 
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TLL—NoUi  on  SSpeeimmi  of  Ae  Bottom  ooOmM  §mkig  4lf  M«(  Orwm 
of  the  *  Porcv^no*  in  1889.    'Bj  Datd  T\him  VJIA 


Atlantic  Mod  oontained  in  a  miaU  botde  maifad  **  ffipiiriingii 

No.  20,  1443  ftthoms." 

A  complete  analyns  of  this  Minple  diowt  its  Chenieal  OonporitioB  to 

be  as  follows : — 

Carbonate  of  lime 50*18 

Alumina*  (''soluble in  adds*') 1*SS 

Sesqniozide  of  iron  ("solabk  in  adds'*)  ....  8*17 

Silica  (in  a  sdnble  condition)    5*04 

Fine  insoluble  gritty  sand  (rodL  dAris)    ....  86*77 

Water 8*90 

Organic  matter  4*19 

Chloride  of  sodium  and  other  soluble  salts   . .  7'48 


10000 


If  we  compare  the  chemical  comporition  as  abore  irith  that  of  ogdiBSty 
Chalk*  which  consists  all  but  entirdy  of  carbonate  of  Bme^  and  stMoM 
contains  more  than  from  2  to  4  per  cent,  of  fbrrign  matter  (eli^,  aiKsa, 

&c.),  it  will  be  seen  that  it  differs  chiefly  in  containing  so  fery  large  an 
amount  of  rock-matter  in  a  fine  state  of  divifiion.  If  we  subtract  the 
water,  organic  matter,  and  marine  salts,  which  would  probably  in  greatest 
part  be  removed  before  such  mud  could  in  process  of  ages  be  conrerted 
into  solid  rock,  even  then  the  amount  of  carbonate  of  lime  or  pure  chalk 
would  not  be  more  than  at  highest  some  60  per  cent,  of  the  mass. 

As  such  deposits  must  naturally  be  expected  to  vary  greatly  in  me- 
chanical character  and  chemical  composition,  it  would  be  premature  to 
generalize  as  to  the  actual  nature  of  the  deposits  now  in  course  of  forma- 
tion in  the  depths  of  the  Atlantic,  before  a  careful  examination  had  been 
made  of  a  series  of  such  specimens  from  different  localities.  The  soluble 
silica  is  principally  from  siliceous  organisms. 

[Mr.  Hunter's  analysis  of  the  Atlantic  Mud  brought  up  from  the  2435 
fathoms'  dredging,  will  be  found  in  p.  428]. 

As  regards  the  probable  origin  of  the  pebbles  and  gravel  found  in  the 
various  dredgings,  it  will  be  at  once  seen,  from  the  description,  that  they 
consist  principally  of  fragments  of  volcanic  rocks  and  crystalline  schists. 
The  former  of  these  have  in  all  probability  come  from  Iceland  or  Jan 
Mayen ;  whilst  the  latter,  associated  as  they  are  with  small  fragments  of 
grey  and  somewhat  altered  calcareous  rock,  would  appear  to  have  pro- 
ceeded from  the  north-west  coast  of  Ireland,  where  the  rocks  are  quite 
identical  in  mineral  character.  The  north  of  Scotland  and  its  islands  also 
contain  similar  rocks  ;  but  without  being  at  all  positive  on  this  head,  I  am 

*  With  phosphoric  acid. 


L869.]  on  the  Scientific  Exploration  of  the  Deep  Sea.  401 

rather  inclined  to  tbe  opinion  that  they  have  been  derived  from  Ireland, 
uid  not  necessarily  connected  with  any  glacial  phenomena,  believing  that 
dieir  presence  may  be  accounted  for  by  the  ordinary  action  of  marine 
cnrrents* 

"  Pebbles  from  1215  fathoms  (Station  28)." 
The  stones  were  all  subangular,  the  edges  being  all  more  or  less  worn  or 
dtogether  rounded  off.     The  specimens  were  38  in  number,  and  upon 
nuunination  were  found  to  consist  of: — 

5  Hornblende  schist ;  the  largest  of  these  (which  also  was  the  largest  in 
size  of  the  entire  series)  weighed  421  gr.  (|  of  an  ounce),  was  ex- 
tremely compact,  and  was  composed  of  black  hornblende,  dirty- 
coloured  quartz,  and  some  garnet. 

2  Mica  schist ;  quartz  with  mica,  the  largest  weighing  20  grains. 

5  Grey  pretty  compact  limestone,  the  largest  being  7  grains  in  weight. 

2  Fragments  (showing  the  cleavage  faces  rounded  off  on  edges)  of  orth»- 
dase  (potash  felspar),  evidently  derived  from  granite ;  the  largest  of 
the  two  fragments  weighed  15  grains. 

5  Quartz,  milky  in  colour  or  colourless ;  the  largest  of  these  weighed 
90j  grains,  and  showed  evidence  of  having  been  derived  from  the 
quartz- veins  so  common  in  clay- slate. 
19  Fragments  of  true  volcanic  lava,  most  of  which  were  very  light  and 

—  scoriaceous  (vesicular),  although  some  small  ones  were  compact  and 
18    crystalline;  and  in  these  the   minerals  augite,   olivine,  and   glassy 

felspar  (Sanadine)  could  be  distinctly  recognized.  Amongst  these 
were  fragments  of  trachytic  trachydoleritic,  and  pyroxenic  (basaltic) 
lavas,  quite  similar  to  those  of  Iceland  or  Jan  Maycn  of  the  present 
period,  from  which  they  had  probably  been  derived. 

"Gravel  from  1443  fathoms  (Station  20)." 
This  sample  of  gravel  consisted  of  718  subangular  fragments,  in  genera^ 
not  above  from  |  to  ^  grain  in  weight,  with  occasionally  some  of  a  littlt 
peater  size ;  but  the  most  considerable  of  all  (a  fragment  of  mica  schist) 
mly  weighed  3  grains.     They  consisted  of : — 

3  Fragments  of  orthoclase  felspar. 

A  Bituminous  or  carbonaceous  shale  (?  if  not  accidental). 
5  Fragments  of  shell  (undistinguishable  species). 

4  Granite,  containing  quartz,  orthoclase,  and  muscovite. 
15  Grey  compact  limestone. 

62  Quartzose  mica  schist. 

31 7  Hornblende  schist ;  sometimes  containing  garnets. 

S^3  Qnartzite  fragments,  with  a  very  few  fragments  of  clear  quartz ;  the 
majority  of  the  pieces  being  of  a  dirty  colour,  often  cemented 
together,  were  evidently  the  debris  of  quartzite  rocks  or  beds  of 
indurated  sandstone,  and  not  from  granite. 

28  Black  compact   rock   containing  augite,   most   probably  a  volcanic 

—  basalt. 
^18 
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"  From  1 263  fathoms  (Station  22)."  ^H 

A  single  roamled  pebble,  weighiog  18  grains,  chiefly  qiutrti,  with  ■  Kttb 
of  a  black  miaeral  hornbleDde  or  toarniBliiie,  probabl^r  from  a  metaroorpbic 
Khist. 

"Grardfrom  1366  fathoms  (Station  I9a)." 

Coiuiited  of  51  smal]  sobaogalar  pieces  of  rock,  nil  less  than  ^  grain  ia 

weight,  excepting  only  one  fragment  (angolai)  of  qnartz,  which  wei^«d 

2  grains ;  they  consisted  of :  — 

1 9  Fragments  of  quarti,  all  of  which  appeared  to  have  proceeded  from  tlie 

disintegration  of  OTBtaUiae  schist«,  and  not  from  gnnitc. 
9  Hornblende  schist. 
H  Mica  schist. 

7  Loose,  dirty-nhite  tnfaceoas  limestone. 
3  Small  fragments  of  au^te  or  tourmaline  (?  which). 
I  Fmgment  of  quartz,  vith  tourmaline. 
^  4  Fragments  of  indistinct  and  uncertain  character. 
51 

"  Gravel  from  1476  fathoms  (Station  21)."  ' 

Six  small  snbangnlar  fragments,  the  largest  of  which  did  not  excftd 
two  grains  in  weight ;  they  were  respectively : — 
'   1  Yellow  quartz. 
1  Quartzose  chlorite  schist. 

3  Mica  schist. 

1^  Small  fragment,  apparently  of  volcanic  lava. 
6 

The  specimen  from  Rockall  is  not  a  fragment  of  any  normal  rock,  but  il 
only  a  brecciaform  n^regate,  principally  consisting  of  quartz,  felspar,  and 
crystals  of  green  hornblende,  held  together  by  a  siliceous  cement.  It  has 
eviileatly  been  broken  from  the  projecting  edge  of  a  fault  or  vdn  fissure; 
and  although  it  cannot  settle  the  matter  definitely  as  to  what  rocks  tbia 
islet  may  really  be  composed  of,  it  would  indicate  that  it  most  probably  is 
a  mass  of  hornblendic  gneiss  or  schist,  and  certainly  not  of  true  volcanic 
origin.  I  may  mention  that  it  does  not  at  all  resemble  any  of  the  frag- 
ments found  in  the  deep-sea  dredgiags  which  I  have  aa  yet  ezamiued. 


^H 

ai 

^M 

■ 

First  CaoiBS  or  tbb 'PoBCTiPlini' (PUte  4).              '''^M 

Station 
No. 

■     North 
UUlude. 

Wert 
Longitode. 

Depth  in 
Fatbonu. 

BeUov 

S^Li^' 

I. 

d1    5f 

ll    60 

370 

61-2 

4»« 

2. 

61    22 

12    25 

eoe 

M-3 

at 

3. 

61    38 

13    60 

733 

M-6 

4» 

4. 

51    66 

13    39 

S61 

63-6 

«« 

5. 

D3     7 

13    69 

W4 

640 

4M 

a 

62    26 

11    40 

90 

64-0 

HHl 

7. 

63    14 

11    48 

160 

633 

«H 

8. 

63    16 

11    fil 

106 

H-3 

Al-1 

0. 

03    16 

12    'U 

166 

69-6 

»T 

10. 

11. 

53    23 
63    24 

13    39 
16    34 

86 

1630 

64-6 

4H 

13. 

53    41 

14    17 

670 

63-2 

434 

13. 

63    42 

13    56 

SOS 

63-6 

4M 

14. 

63    40 

13    15 

173 

632 

i9« 

15. 

5i      6 

13    17 

422 

62-2 

47-0 

16. 

64    10 

11    50 

810 

63-0 

39-6 

17. 

54    28 

11    44 

1230 

53-3 

37-8 

18. 

64    15 

11      9- 

183 

63-3 

4»4 

. 

10. 

54    63 

10    56 

1360 

64-8 

S7-4 

20. 

55    11 

11    31 

1443 

66-6 

37-0 

21. 

ar,  40 

12    46 

1470 

56-2 

36-9 

22. 

60      8 

13    54 

1283 

66-9 

37-3 

23. 

6G      7 

14    10 

630 

67-3 

43-5 

23fl. 

flJ    13 

14    18 

420 

66-8 

4fr4 

24. 

60    211 

14    28 

100 

67-7 

46-4 

25. 

M    41 

13    30 

164 

60-8 

46-S 

20. 

66    58 

13     17 

345 

67-4 

4«7 

37. 

Rockiill  Bulk 

BocluU  Bank. 

W 

55fl 

48-S 

1». 

50    44 

12    52 

1216 

57-6 

871 

20. 

50    31 

12    22 

iac4 

66-9 

96-9 

30. 

50    24 

11     40 

1380 

6C-0 

37-1 

31. 

66     16 

U    25 

1360 

56-0 

37-3 

3^. 

50      6 

10    23 

1320 

66-1) 

374 

Second  Cruise  of  the  'PoaccpisE'  (Plate  5).              ' 

Slntion 
Ko. 

iBtitudft 

Wmt 

Longitude. 

?rz 

Burfiioo 
Fahrenheit. 

Bottom 

F^hmibnl. 

33. 

66    3^ 

§    27 

74 

65-2 

4§-Q 

34. 

40    61 

10    13 

76 

66fl 

49i3 

36. 

4ft     7 

10    07 

96 

63-4 

51-3 

36. 

48    50 

11      8 

725 

MO 

43i» 

37. 

47    38 

13     S 

2436 

666 

36-6 

38. 

47    39 

11    33 

2090 

M-2 

36-3 

39. 

49      1 

11    60 

667 

03-0 

47<l 

40. 

49      1 

IS     5 

517 

G3-4 

477 

41. 

49     4 

12    22 

584 

634 

40-5 

42. 

49    13 

12    52 

862 

620 

S07 

43. 

CO      1 

12    26 

1207 

61-7 

377 

44. 

50    20 

11    34 

865 

61 '2 

3*4 

45. 

51      1 

11    21 

468 

60-6 

481 
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Third  CansE  op  thb  '  Porctifink  '  {FUte  6),      ^M 

8t»tiiin 
No. 

Sorih 
lA^tude. 

West 
Longitude. 

DepUtin 

rnOioms. 

Surfwe 

Temp^niturp. 
I-Bhn-niidt, 

TcmperMM 

46. 

ffll    si 

7      4 

374 

sSq 

4 

47. 

nt)  .14 

7    18 

642 

640 

48. 

:.o  3-J 

6    69 

640 

40. 

69    43 

7    40 

475 

53^ 

50. 

50    64 

7    52 

356 

5a'6 

4a 

61, 

60     6 

8    H 

440 

61-6 

4S 

b% 

m   95 

8    10 

384 

ri2i 

63. 

60    Sb 

7    26 

490 

52-1 

30 

54. 

&&  ae 

6    27 

363 

52.i 

31 

65. 

60     4 

6    19 

oor. 

63* 

60. 

eo    a 

6    11 

480 

62* 

30 

57. 

00    14 

6    17 

633 

62-0 

aa 

m. 

60    3t 

6    51 

MO 

61-4 

» 

60. 

en  21 

6    41 

68(1 

63-7 

00. 

61      3 

6    fiS 

167 

•^6 

44 

01. 

62      1 

5    19 

114 

504 

62. 

01     50 

4  ;« 

125 

40  6 

03. 

ei  67 

4      2 

317 

49-0 

30 

64. 

61    SI 

S    44 

&40 

407 

30 

66. 

61    10 

s  ai 

346 

620 

(M. 

61    15 

t    44 

367                 62-4 

67, 

60    33 

0    29 

64 

519 

49- 

68. 

60    °3 

0    33B. 

76 

52-5 

44-0  1 

60, 

60      1 

0    18E. 

67 

63-5 

43-ft   f 

70. 

60      4 

0    21 

66 

63-4 

45  1    [ 

71, 

60    17 

2    63 

103 

63-0 

43-e  1 

72, 

60    20 

3      5 

76 

62-3 

48-8   1 

73, 

60    29 

3      6 

84 

62-7 

48-8 

74. 

60    39 

3      0 

203 

5S-6 

47-6 

75. 

60    45 

3      6 

260 

51-6 

41-9 

76, 

60    m 

3    58 

344 

60-3 

207 

77. 

60    31 

4    40 

660 

50-9 

20-8 

78. 

60    14 

4    30 

290 

52-2 

41-5 

Tfl. 

M    44 

4    44 

76 

52-1 

48-t 

80. 

50    4i> 

4    42 

93 

63-3 

49^ 

81. 

69    W 

6      1 

143 

53-3 

49-1 

82. 

60      0 

6     13 

312 

52-3 

41-4 

83. 

60      0 

5      8 

362 

53-1 

37-6 

64, 

69    34 

6    34 

156 

M-3 

491 

85, 

60    40 

6    34 

190 

63-9 

48'«t 

8A. 

60    48 

6    81 

44,-> 

6S-« 

30-1 

87. 

59  ai 

9     11 

767 

62-.> 

41-4 

88, 

50    26 

8    23 

7M 

53-5 

43-e 

89. 

59    38 

7    4fi 

445 

53-1 

4^5 

W. 

69    41 

7    34 

458 

63-1 
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June  16,  1870. 
General  Sir  EDWARD  SABINE,  K.C.B.,  President,  in  the  Chair. 

Dr.  E.  H.  Greenhow,  Dr.  J.  Jago,  Prof.  N.  S.  Maskelyne,  the  Rev.  Dr, 
Parkinson,  Capt.  R.  M.  Parsons,  Dr.  W.  H.  Ransom,  Mr.  R.  H.  Scott,  Dr. 
A.  Yoelcker,  and  Dr.  S.  Wilks  were  admitted  into  the  Society. 

The  following  communications  were  read : — 

I.  '^  On  Compounds  Isomeric  with  the  Cyanuric  Ethers.'*    By  A. 
W.  HoFMANN  and  Otto  Olshausen.    Received  April  29,  1870. 

Some  time  ago  M.  Cloez  *  described  a  remarkable  body,  which  has  the 
composition  but  none  of  the  properties  of  ethylic  cyanurate.  This  sub- 
stance, which  he  called  q/anetholine,  is  distinguished  from  cyanuric  ether 
by  its  behaviour  with  alkalies,  which,  according  to  the  observations  of 
does,  evolve  from  it  ammonia  and  not  ethylamine.  Cyanetholine,  accord- 
ing to  Cloez,  combines  with  acids,  forming  crystaUizable  salts,  none  of 
which,  however,  up  to  the  present  time,  has  been  more  carefully  investi- 
gated. It  is  rather  strange  how  little  the  attention  of  chemists  has  been 
directed  to  this  interesting  compound.  M.  Cloez  contented  himself  with 
the  discovery  of  cyanetholine  and  establishing  its  composition,  but  has  not 
again  reverted  to  the  subject.  Of  the  researches  of  other  chemists  who 
have  touched  upon  cyanetholine,  the  only  ones  known  to  us  are  the  few 
bat  rather  important  experiments  of  M.  Gal  f.  According  to  his  obser- 
▼ationSy  cyanetholine  is  changed  by  treatment  with  potash  solution  into 
potaMiom  cyanide  and  alcohol,  and  by  the  action  of  hydrochloric  acid  into 
cyanuric  acid  and  ethylic  chloride ;  and  Gal  and  Cloez,  in  consequence  of 
these  reactions,  are  of  opinion  that  cyanetholine  is  the  true  ether  of  cya- 
nuric acid  constructed  upon  the  water  type — 

i}o     -^glo     "-i-jo      ,_<i5;}o. 

whilst  the  earlier  known  ethylic  cyanate  of  M.  Wiirtz  corresponds  to  the 
ammonia  type — 

i}-    <T}N   "'l'}"    'c^:}N. 

It  need  scarcely  be  mentioned  how  completely  this  view  has  been  con- 
firmed by  the  subsequent  discovery  of  the  isonitriles  and  of  the  series  of 
mustard  oils  isomeric  with  the  sulphocyanic  ethers. 

The'  formation  of  cyanetholine,  which,  as  is  known,  is  obtained  by  the 
action  of  chloride  of  cyanogen  on  sodium  ethylate,  proves  a  close  connexion 

*  Compt.  Bend.  xliv.  p.  482,  and  Ann.  Chem,  Pharm.  cii.  p.  354. 
t  Compt  Bend.  bd.  p.  527,  and  Ann.  Chem.  Pbarm.  cxxxrii.  p.  127. 
VOL.  XYIII.  2  P 
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between  thifl  body  and  the  ethjlcjanamkk^  dacorwad  by  Mmtn, CUhoun 
and  Cloez*,  which  ia  fonned  bj  treatmg  eChylamiiie  with  dJorida  of  cya- 
nogen. The  same  reagent  acting  on  ethylatfd  water  and  etiolated  aai- 
mouia  causes  in  the  one  case  the  fonnadon  of  ethyHe  cjaaati^  and  in  the 
other  that  of  ethylcyanamide.  The  doae  analogy  between  ejanetbefina 
and  ethjlcyanamide,  which  is,  perhaps^  beat  repteaeated  by  tbe  frnwH 

CN(C,H.)0        and        CN(C,HJHN, 

cannot  possibly  be  doubtedy  and  aceordbgjly  the  eaay  pdlymoriiation  of 
ethylcyanamide,  which  is  readOy  conTertcd  into  triethyfanelaminp,  nate- 
rally  raised  the  question  aa  to  whether  cyanethoBne  eonld  not  ba  poly- 
merized in  a  sinJlar  manner ;  in  other  worda»  whether  there  nui|^  aot 
exist  a  series  of  combinationa  isomeric  with  the  known  cyanurio  ethen. 

The  experiments  undertaken  for  the  adution  of  thia  quaation  bata  bfca 
performed  in  the  methyl-,  ethyl-,  amyl-,  and  pbenyl-aeiiea. 

We  begin  the  communication  of  our  obaerfationa  by  a  daaetiplianof  Ae 
experiments  made  in  the  methyl«aeriea ;  for  althoo|^  in  tbe  fknt  inatanei 
we  had  worked  in  the  ethyl-aeriea,  it  waa  the  inveetigatkm  of  tbe  aatbyir 
compounds  which  yielded  at  once  resnlta  that  oonld  not  ba  mialaban. 

When  a  stream  of  gaseous  chloride  of  cyanogen  ia  paasad  tbitNigjb  • 

dilute  solution  of  sodium  methylate  in  methylic  alcohol  (we  haTC  generally 
dissolved  20  grms.  of  sodium  in  about  400  grms.  of  anhydrous  methylie 
alcohol),  a  considerable  quantity  of  common  salt  is  separated.     If  the  cu^ 
rent  of  gas  be  continued  until  the  solution  smells  of  chloride  of  cyanogeo, 
and  the  excess  of  methyl  alcohol  then  distilled  off,  a  brown  oil  remaim  . 
behind,  similar  to  that  which  Cloez  obtained  by  the  corresponding  experi- 
ment in  the  ethyl-series,  and  which  he  described  as  cyanetholine.     This 
oil  sometimes  remains  fluid  for  a  long  time,  but  generally  aolidifiea  oa 
standing.     Frequently,  however,  little  or  no  oil  is  formed,  and  when  tbe 
methyl  alcohol  is  distilled  off,  there  remams  a  residue  which  solidifies  to  s 
brown  crystalline  mass.     The  purification  of  this  substance  offers  no  diffi- 
culties ;  one  or  two  crystallizations  from  boiling  water,  in  which  it  is  easilj 
soluble,  whilst  it  dissolves  but  slightly  in  cold  water,  and  a  final  treatmeat 
with  animal  charcoal  remove  the  colour.     But  these  crystals,  though  ptf- 
fectly  colourless,  prove,  under  the  microscope,  to  be  a  mixture  of  two  com- 
pounds, of  which  the  one,  crystallizing  in  fine  needles,  is  the  more  easilf 
soluble,  whilst  the  other,  consisting  of  rhombic  tables,  dissolves  with 
greater  difficulty.     If  an  intermediate  mixed  product  be  sacrificed,  thcj 
may,  by  repeated  crystallizations  from  boiling  water,  be  both  obtained  in 
a  pure  state.     They  are,  however,  better  separated  by  the  extraordinUT 
difference  of  their  solubility  in  ether,  which  dissolves  the  needlea  and  leavti 
the  rhombic  tables  behind. 

*  Ann.  Cbem.  Fhann.  xo.  p.  91. 


1870.]  Isomeric  with  the  Cyanuric  Ethers,  495 

Metkylie  Cyanurate, — ^Wben  the  ether  which  has  heen  poured  off  the 
crystals  is  evaporated,  a  crystalline  mass  is  left,  which  may  he  recrystallized 
from  alcohol,  or,  better,  from  hot  water.  The  needles  thus  obtained  possess 
the  characters  of  a  pure  substance.  Determination  of  the  carbon,  hydrogen, 
and  nitrogen,  the  latter  of  which  can  easily  be  weighed  as  ammonia,  yields 
as  the  simplest  atomic  expression  for  this  body  the  formula 

C,H,NO; 

but  it  only  required  a  somewhat  closer  examination  to  prove  that  this  is 
not  the  methylic  cyauate  but  the  methylic  cyan  urate,  not  the  mono- 
molecular  but  the  trimolecular  combination.  The  melting-point  of  the 
crystals  is  132^,  the  boiling-point  (we  were  only  in  possession  of  a  mode- 
rate quantity)  between  160^  and  170°.  These  properties  unmistakably 
characterize  the  trimolecular  compound,  the  cyanurate. 

It  would  have,  nevertheless,  been  desirable  experimentally  to  confirm 
these  indications  by  the  vapour-density  determination ;  but  this  was  pre- 
Tented  by  a  peculiar  comportment  of  the  new  body,  which,  however,  fur- 
nished evidence  almost  as  conclusive  as  the  vapour-density  for  the  molecular 
weight  of  the  compound.  When  the  new  cyanurate  is  heated  in  a  retort, 
it  distils  without  leaving  an  appreciable  residue,  the  distillate  solidifying 
to  a  white  crystalline  mass.  But  these  crystals  are  no  longer  the  un- 
changed body;  their  melting-point  has  risen  from  132^  to  175°,  and  their 
crystalline  form  is  entirely  changed ;  in  the  place  of  fine  needles  we  have 
now  short,  thick  prisms  with  sharply  defined  summits.  It  is  easily  per- 
ceived that  the  new  cyanuric  ether,  by  an  atomic  migration  within  the 

molecide,  which  may  be  represented  by  the  equation 

II 


(CN),-i  o  _  (COX  In 


has  become  converted  into  the  long  known  ether.  If  the  careful  investi- 
gation of  the  physical  properties  were  not  deemed  sufficient  proof  of  this 
transformation,  it  would  suffice  to  compare  the  reactions  of  the  body  be/ore 
and  a/ier  distillation.  Before  being  distilled,  it  yields  cyanuric  acid  and 
methyl  alcohol  when  heated  with  potash, — 

((f^J; }  ^'  +  3H,0  =(*^^^j }  O,  +  3(CH,  HO). 

K  submitted  to  the  same  treatment  after  distillation,  methylamine  and 
carbonic  acid  are  obtained, — 

(CH?J: }  N,  +  3H.  O  =  3  [(CH3) }  n]  +  SCO,. 

These  experiments  are  sufficient  to  establish  the  nature  of  the  new  cya- 
nnric  ether.  In  order  to  obtain  further  data  as  to  the  constitution  of  this 
body,  the  changes  which  it  undergoes  by  the  action  of  ammonia  had  to  be 
examined. 

Whilst  the  ether  of  a  monobasic  acid,  when  treated  with  ammonia  gas, 

2p2 
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by  an  interchange  of  the  primary  alcohol  frigment  with  the  piiaiMy  an- 

nionia  fragment,  is  directly  converted  into  the  amid^  whilst^  on  the  odier 

hand,  the  ether  of  a  bibasic  add  yields,  in  the  first  instance^  th«  ether  of 

an  amidic  acid,  the  production  of  the  tme  amide  of  a  tribasie  acid  mint 

necessarily  be  preceded  by  the  formation  of  the  ethers  of  a  fint  and  of  a 

second  amidic  acid.    According  to  this  yiew,  the  aetion  of  ammonia  on  ths 

methylic  cyanurate 

1  CH,0 

C,N,lCH,0 

JCH,0 

may  be  expected  to  give  riae  to  the  formation  of  the  foUowing  bodiMi — 

1  CH,0  1  CH,0 

C.N,  ^CH,0  C.N.V    H,N 

•J   h:n  *J   hIn 

Dimethjiio  Xetibjlio  Trianideor 

•mkb-ojaauntte.  <HMiiklo»qrMWiMte.  9ftmu^  add. 

not  to  speak  of  the  possibility  of  alcohol  fmgments  beibg  simnltaneoDiif 
exchanged  for  water  fragments. 

Hitherto  we  have  met  only  with  one  of  the  above-mentioned  bodifli» 
viz.: — 

Dimethylie  Amidthcyamurate. — ^This  compound  is  formed  hy  the  aetkm 
of  ammonia  on  the  new  methylic  cyanurate ;  but  it  is  not  easy  to  obtain 
it  pure  by  this  means,  as  the  reaction  generally  goes  further,  and  a  mix- 
ture of  substances  is  produced,  the  separation  of  which  we  have  not 
hitherto  been  able  to  effect.  The  compound  in  question,  however,  is 
always  formed  in  larger  or  smaller  quantity  as  a  by-product  in  the  pre- 
paration of  the  trimethylic  cyanurate ;  it  is,  in  fact,  the  substance  insoluble 
in  ether  mentioned  above,  and  as  no  other  product  is  formed  but  these  two 
bodies,  it  is  easy  to  obtain  the  dimethylated  amidic  acid  in  a  pure  state. 

The  new  compound  crystallizes  from  hot  water  in  fine  rhombic  tables^ 
odouriess  and  tasteless,  and  melting  at  212°.  It  is  much  more  difficultly 
soluble  in  cold  water  than  the  cyanuric  ether,  soluble  with  difficulty  in 
cold  alcohol,  more  easily  in  hot,  almost  insoluble  in  cold  ether.  The 
composition 

1CH.0 
C,H,N,0,  =  C.N,ICH,0 

J     H.N 

was  established  by  a  determination  of  the  carbon,  hydrogen,  and  nitrogo), 
and  also  by  the  analysis  of  a  silver-salt, 

C,H,N,O^AgNO^ 

which,  crystallizing  in  fine  needles,  is  obtained  by  adding  silver  nitrate 
to  the  nitric  solution  of  the  amido-ether  and  recrystallization  of  the 
precipitate. 

By  treatment  with  aqueous  ammonia  in  sealed  tubes,  the  same  products 
are  obtained  as  are  furnished  by  the  original  ether  when  submitted  to  the 
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action  of  ammonia.    Tbej  have  not  yet  been  investigated,  bat  it  baa  been 
ascertained  that  methyl  alcohol  is  liberated,  as  might  have  been  expected. 

•  Finally,  as  regards  the  formation  of  the  amido-ether  by  the  action  of 
chloride  of  cyanogen  upon  sodium  methylate,  thb  is  obviously  due  to  the 
presence  of  traces  of  'water,  which  could  scarcely  be  avoided  in  this  process. 
Water  causes  first  the  formation  of  hydrochloric  and  cyanic  acids,  the 
latter  of  which  splits  up  into  carbonic  acid  and  ammonia ;  ammonia  and 
methylic  cyanurate  coming  together  in  the  nascent  state  form  methyl 
alcohol  and  the  amido-ether. 

In  fact  the  common  salt  which  separates  during  the  reaction  contains 
a  considerable  quantity  of  cyanate  and  carbonate. 

Experiments  in  the  Ethyl-series, 

Our  first  experiments  were  conducted  in  this  series,  and  we  have  ac- 
tually worked  more  in  it  than  in  the  methyl  group.  We  have,  however, 
not  yet  been  able  to  obtain  the  ethylic  cyanurate  in  a  pure  state  ;  on  the 
other  hand,  we  have  succeeded  in  obtaining  the  ethers  of  both  amidic 
acids. 

The  action  of  chloride  of  cyanogen  upon  sodium  ethylate  present  the  same 
phenomena  as  the  analogous  treatment  of  the  methylate,  and  which  more- 
over have  been  well  described  by  M.  Cloez.  We  have  sometimes  obtained  at 
once  a  solid  body ;  but  generally  there  is  formed  an  oil,  which  after  some 
time  deposits  crystals,  the  quantity  of  which  in  difierent  operations  varies 
exceedingly.  The  idea  naturally  suggested  itself  that  they  were  the  trimole- 
colar  modification  of  cyanetholine ;  but  analysis  showed  that  these  crystals, 
in  spite  of  their  beauty,  were  but  a  mixture  containing  the  desired  cyanu- 
rate, when  at  all,  only  in  small  quantity.  They  contain,  as  numerous 
analyses  have  proved,  the  ethylic  ethers  of  the  two  amidic  acids,  the  sepa- 
ration of  which  has  cost  indeed  very  considerable  trouble. 

Diethylic  Amido-cyanurate, — By  treatment  with  animal  charcoal  and 
numerous  recrystallizations  of  considerable  quantities  of  the  crystals  ob- 
tained from  the  crude  cyanetholine,  we  succeeded  in  obtaining  thin  white 
prismatic  crystals  melting  at  97^  ;  this  melting-point  remained  unchanged 
after  several  recrystallizations  from  water,  a  sign  of  the  purity  of  the 
substance.  The  same  body  was  obtained  when  crude  cyanetholine  was 
heated  for  some  hours  with  aqueous  ammonia  in  a  sealed  tube.  The 
digestion,  however,  must  not  be  carried  too  far,  as  then  other  products  are 
formed,  amongst  these  an  amorphous  substance  quite  insoluble  in  water. 

The  analysis  of  the  crystals,  which  are  soluble  both  in  alcohol  and  ether, 
especially  when  warm,  has  proved  them  to  be  the  ethylic  compound  corre- 
sponding to  amido-ether  of  the  methyl  series,  having  the  composition 

J      H,N 
The  diethylic  amido-cyanurate  combines  in  two  proportions  with  silver 
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nitrate.  According  ai  the  wthttaiice  diMolfd  in  mfaie  mM  qr  fte  rihwr 
nitrate  is  in  ezcen,  we  obtain  the  compomda 

2C,H„N,O^AgNO^ 
or   C,H„N^O^AgNO,. 

Both  salts  crystallize  in  needles ;  the  htter  can  he  reqjaUOiied  ftem 
boiling  water  without  appreciable  change*  but  the  former  k  deeonpoaedL 
being  conrerted  into  the  second  salt. 

Ethylic  diamido-eyanurate. — ^White  erjstala  wcie  depooted  horn  a 
solution  of  the  above-described  bnt  not  fidly  pmilied  emnpoimd,  wUA 
had  been  standing  for  a  long  time  with  concentrated  aelntion  of  ammenia. 

These  melted  between  190^  and  200^,  and  were  modi  more  XSgMf 
soluble  in  alcohol.  Numbers  were  obtained  by  the  analysis  of  these  oya- 
tals  (carbon,  hydrogen,  and  nitrogen  determinations)  which  iodioted  it  to 
be  the  ethylic  diamido-cyannrate, — 

1  C.H.0 
C,H,N,0=C,N,l     H-N 

J     H,N 

This  compound  also,  when  dissolved  in  nitric  acid,  gives  fine  eryalallba 
needles  on  the  addition  of  silver  nitrate.  These,  however,  have  not  yet 
been  analyzed. 

Experiments  in  the  Amyl^eries. 

Up  to  the  present  time  we  have  only  worked  qualitatively  in  this  series. 
The  product  of  the  action  of  chloride  of  cyanogen  on  sodium  amylate  is 
oily ;  it  distils  at  about  200^,  but  not,  as  it  would  appear,  without  being 
thoroughly  altered.  The  last  portions  of  the  distillate  solidify  to  a  mass 
of  white  lustrous  crystals,  which  can  easily  be  obtained  pure  by  solution 
and  rccrystallization.  We  are  inclined  to  consider  this  substance  as 
amylic  cyanurate,  but  at  present  we  have  no  numbers  to  confirm  this 
opinion. 

Experiments  in  the  PhenyUeeriee, 

Lastly,  we  may  here  mention  some  experiments  which  were  made  in  the 
phenyl-series.  Chloride  of  cyanogen  acts  with  the  same  energy  upon 
sodium  phenjlate  (which  in  this  case  was  dissolved  in  absolute  alcohol)  as 
on  the  other  sodium  compounds.  The  solution  poured  off  from  the  common 
salt  which  had  separated  gave,  on  the  addition  of  water,  an  oil  heavier  than 
water,  which  was  submitted  to  distillation.  What  first  came  over  was  almost 
pure  phenol ;  the  distillation  was  interrupted  as  soon  as  a  drop  of  the 
residue  solidified  to  a  crystalline  mass.  The  residue  in  the  retort  was  then 
mixed  with  cold  alcohol,  thrown  on  a  filter  and  washed  for  some  time  with 
the  same  liquid.  The  white  crystalline  mass  thus  obtained  was  then  re- 
crystallized  from  a  very  large  quantity  of  boiling  alcohol.  When  the 
solution  was  allowed  to  cool  slowly,  long  thin  needles  separated  which  were 
almost  insoluble  in  alcohol  and  ether,  but  were  found  to  dissolve,  though 
sparingly,  in  benzol. 
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The  analjBis  of  these  crystals  leads  to  the  formula 

C^  H,  N  O. 

But  from  their  formation  as  well  as  their  general  properties  we  are  con- 

▼inced  that  they  are  the  trimolecular  combination,  the  phenylic  cyannrate, 

1  C.H.O 
C«H„N.0.«C3N.IC.H,0 

which  corresponds  to  the  methyl  compound  described  in  the  beginning  of 
this  note. 

The  melting-point  of  the  crystals  was  found  to  be  224^,  somewhat  lower 
than  that  of  the  isomeric  compound  (264°)  which  one  of  us  *  has  lately 
examined. 

The  latter,  which  must  now  be  regarded  as  the  phenylic  isocyanurate, 
is  easily  distinguished  from  the  new  cyanurate,  both  by  its  crystalline 
form  and  behaviour  with  solvents.  It  has  yet  to  be  determined  whether 
the  phenyl  compound,  like  the  methyl  one,  is  changed  under  the  influence 
of  heat  into  the  cyanurate  already  known. 

We  cannot  close  this  communication  without  thanking  Messrs.  R. 
Bensemann  and  K.  Sarnow  for  the  assistance  they  have  rendered  us  in 
carrying  out  these  experiments. 

II.  "  Contributions  towards  the  History  of  Thiobenzamide.'* 
By  A.  W.  HoFMANN,  LL.D.,  F.R.S.     Received  May  27,  1870. 

When  a  stream  of  sulphuretted  hydrogen  is  passed  through  a  solution 
of  benzonitrile  in  alcoholic  ammonia,  the  liquid,  after  the  lapse  of  a  few 
hcKiriy  deposits  fine  yellow  needles,  which  are  the  thiobenzamide, 

C,  H,  NS=     H       .  N, 

H     J 

discovered  by  M.  Cahours.  It  can  be  obtained  in  a  pure  state  by  recrys- 
tallixation  from  boiling  water. 

When  a  cold  saturated  alcoholic  solution  of  this  body  is  mixed  with 
an  alcoholic  solution  of  iodine,  the  latter  is  immediately  decolorized  with 
separation  of  sulphur.  If  the  addition  of  iodine  solution  be  continued 
imtil  even  after  a  short  boiling  free  iodine  remains,  which  can  readily  be 
detected  by  starch-paste,  the  solution  filtered  from  the  sulphur,  and  poured 
into  water,  sohdifies  to  a  mass  of  white  interlaced  needles,  which  can  rea- 
dily be  freed  from  adhering  hydriodic  acid  by  washing  with  cold  water. 

This  substance  can  be  obtained  pure  by  repeated  crystallization  from 
boiling  alcohol.  In  this  state  it  forms  long  shining  snow-white  needles, 
which  melt  at  90^,  and  distil  without  decomposition  at  a  very  high  tempera- 
ture. The  compound  also  dissolves  in  ether,  chloroform,  and  benzol.  At 
first  I  believed  it  to  be  free  from  sulphur.     Its  alcoholib  solution  can  be 

*  Hofmann,  Berichte  der  Chcm.  Gosellsch.  z.  Berlin,  III.  268. 
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boiled  for  hours  with  a  lead  salt  aod  an  alkali  withoat  fba  Ihnnaftioii  of 
lead  salphide;  also,  after  treaibg  with  moderatdj  eoneeotntvd  nitrie 
acid,  the  sulphur  contained  in  the  bodj  remaiiia  undiaiiged.  Only  after 
several  days'  boiling  with  alcoholic  soda,  the  anlphnr  sepaiatea  aa  aodinm 
sulphide,  and  as  it  appears  sodium  hyposulphite.  The  detennination  of 
the  sulphur,  however,  offers  no  difficulty  when  the  Taponr  of  the  eom- 
pound  is  passed  over  a  red-hot  mixture  of  nitre  and  sodiam  carbcmate* 
The  careful  analysis  of  the  new  crystals  leads  to  the  fimnnlA 

They  are  consequently  derived  from  two  molecules  of  thiobensamide  from 
which  one  atom  of  sulphur  and  four  atoms  of  hydrogen  have  been  removedi 
the  latter  in  the  form  of  hydriodic  acid, 

2C,H,NS+2II-Cj,HipN.S+4m+& 

Chlorine,  bromine,  and  moderately  diluted  nitric  add  act  upon  thiobenn- 
mide  in  the  same  way  as  iodine.  These  reagents,  howevery  are  not  to  be 
recommended  for  the  preparation  of  the  new  eomponnd,  as  the  aetion 
easily  goes  too  far,  causing  the  formation  of  chlorinated,  brominated,  and 
nitro-prodocts,  which  contaminate  the  normal  compound.  In  fact*  Mr. 
Richard  Dunklenberg,  whilst  studying  thiobensamide  last  snmmer  in  the 
Berlin  Laboratory,  has  had  already  in  his  hands  the  new  sulphuretted 
compound ;  but  as  he  employed  bromine  for  its  preparation,  the  substance 
was  obtained  in  a  less  pure  state,  and  consequently  he  did  not  succeed 
in  interpreting  the  reaction. 

With  regard  to  the  constitution  of  the  new  body,  it  may  be  considerea 
as  consisting  of  two  molecules  of  benzonitrile,  which  are  held  together 
directly  by  the  sulphur.  Different  views  may  be  taken  of  the  arrange- 
ment of  the  atoms  in  the  molecule.  Probably  the  carbon  atoms  outside 
the  phenyl  group  are  joined  together  by  the  sulphur;  and  there  is 
then  also  connexion  between  the  nitrogen  atoms.  This  latter  supposition 
is  strengthened  by  the  behaviour  of  the  crystals  with  nascent  hydrogen, 
described  below.  But  I  will  not  go  further  into  this  question  at  present, 
since  the  prosecution  of  the  new  reaction  in  other  series  promises  to  yield 
further  experimental  data  for  a  profitable  discussion  of  the  subject.  For 
the  same  reason,  I  refrain  at  present  from  proposing  a  name  for  the  new 
sulphur-compound. 

The  stability  of  this  substance  is  remarkable.  It  can  be  heated  for  a 
long  time  to  150°  in  sealed  tubes  with  hydrochloric  acid,  dilute  sul- 
phuric acid,  and  even  moderately  strong  nitric  acid,  without  undergoing 
decomposition.  It  dissolves  in  concentrated  sulphuric  acid  by  the  aid  of 
a  gentle  heat,  and  the  addition  of  water  precipitates  it  again  unchanged. 
The  compound  is  decomposed  rather  more  readily  by  alkalies,  although, 
as  already  mentioned,  it  is  necessary,  even  in  this  case,  to  boil  for  days. 
In  this  case  benzoic  acid  is  reproduced  with  slow  evolution  of  ammonia. 
Evidently  the  sulphur  here  first  separates  from  the  molecule,  and  is  dis- 
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solved  in  the  ordinary  manner  by  the  alkali ;  the  benzonitrile  set  free  at 
the  same  time  yields  ammonia  and  benzoic  acid.  The  separated  add, 
which  was  recognized  as  benzoic  acid  by  the  sparing  solubility  of  its  sodium 
salt,  was  further  identified  by  a  determination  of  its  meltiug-point  and  an 
analysis  of  the  silver  salt.  The  sulphur-compound  suffers  a  very  interest- 
ing change  by  the  action  of  nascent  hydrogen.  I  have  already  *  called 
attention  to  the  fact  how  much  more  readily  the  thioamides  are  converted 
into  the  corresponding  amine  bases  than  the  nit  riles.  This  experience 
has  again  been  verified  in  the  new  body.  When  its  alcoholic  solution  is 
decomposed  by  zinc  and  hydrochloric  acid,  sulphuretted  hydrogen  is 
evolved  in  abundance.  After  ten  or  twelve  hours  the  total  decomposition 
of  the  sulphur-compound  is  recognized  by  the  addition  of  water  no  longer 
producing  any  precipitate  in  the  alcoholic  solution.  The  new  product  is 
collected  and  purified  by  a  process  repeatedly  proved  to  be  successful ;  the 
addition  of  an  excess  of  alkali  until  the  zinc  hydrate  at  first  thrown  down 
is  redissolved  leaves  the  base  in  the  supernatant  alcoholic  layer.  After 
evaporation  of  the  alcohol,  the  base  still  containing  fixed  alkali  is  dis- 
solved in  ether,  and  withdrawn  from  this  by  hydrochloric  acid,  whereby  a 
small  quantity  of  brown  resin  is  separated  and  remains  dissolved  in  the 
ether.  On  evaporating  the  hydrochloric  solution  on  the  water-bath,  the 
hydrochlorate  of  the  base  is  left  behind  as  an  oil,  which  in  a  short  time 
solidifies  to  a  mass  of  indistinct  crystals.  When  the  aqueous  solution  of 
this  salt  is  decomposed  by  ammonia,  oily  drops  immediately  separate  and 
sink  to  the  bottom  ;  in  the  course  of  a  day  these  solidify  to  a  crystalline 
mass,  the  supernatant  fluid  being  filled  with  iridescent  plates. 

The  analysis  of  the  hydrochlorate,  ])urified  by  recrystallization  from 
water,  and  dried  at  100^,  which  it  can  be  without  change,  leads  to  the 

formula 

C,,H,,N,C1  =  C,,H,,N^HC1, 

which  was  satisfactorily  confirmed  by  a  determination  of  the  crystalline 
platinum  salt  dried  at  100^,  containing 

C^  H,,  N,  PtCl,  =  2(C,,  H,,  N,.  HCl),  PtCl,. 
In  the  formation  of  the  above-mentioned  base  4  at.  hydrogen  have  taken 
the  place  of  1  at.  of  sulphur, 

C,  H,,  N,  S  +  3HH  =  H,  S  +  C,,  H,,  N,. 
If  the  molecular  arrangement  of  the  sulphur  body  formerly  indicated  be  cor- 
rect, the  action  of  the  hydrogen  would  remove  the  sulphur  bond  from  be- 
tween the  carbon  atoms,  and  by  simultaneously  loosening  the  attraction 
between  these  carbon  atoms  and  the  nitrogen  atoms,  the  union  of  two 
hydrogen  atoms  to  each  carbon  atom  would  be  rendered  possible ;  both 
nitrogen  atoms  would  then  be  doubly  linked  together.  That  these  are,  in 
fact,  very  strongly  united  is  shown  by  the  circumstance  that  the  new  base 
undergoes  no  further  change  under  the  iufiueuce  of  hydrogen.     I  had 

♦  Hofmann,  Proc.  Roy.  Soc.  vol.  xyi.  p.  445. 
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hoped  tbit  bj  oontuniBd  Iffitiagiit  with  nMonift  hjdnjgSi  It  '^y**  hsfv 
taken  up  fonr  atoms  more  of  hydrogen  and  8|tt  opiate  boBsyUBlne^— 

C^  H^  N,+2HH=2Gr  H^  N. 
Up  to  the  present  time  I  hsTS  not  snoeeeded  in  cBheting  Ala 
tion,  altboogh  I  have  eontinned  the  aetioii  of  nme  and  hjdRMliIeiie 
for  sereral  days.     I  do  no^  however,  bj aigr  BwaBS  eonaidertUa  tnaarfbr- 
mation  impossible. 

It  is  worthj  of  remark  that  the  baae  here  deaeribed,  and  Ibr  whiA  t 
also  refrain  from  proposing  a  name  nntfl  ita  eonatitotion  ia  better  aaea^ 
tained,  is  isomeric  with  a  bodj  whieh  I  formeily  obtained  *.  Btheiiyldi- 
phenyldiamine, 

formed  by  the  action  of  trichloride  of  phosphorns  on  one  mobeale  of  aeelie 
acid  and  two  molecoles  of  aniline  with  separation  of  two  molecolea  of 
water,  has  not  only  the  same  composition  and  the  aame  mblecniar  wci|^ 
but  is  mouacid  like  the  base  deriTed  from  the  snlphnr  body.  It  req[inres 
bowever»  scarcely  more  than  a  curaory  compariaon  of  the  two  aabateneea 
to  be  convinced  that  this  is  a  case  of  isomerism  and  not  of  identity.  The 
crystalline  formsy  both  of  the  two  bases  and  also  of  their  salts,  differ  widely 
from  one  another.  Besides  the  previously  mentioned  salt,  I  have  also  com- 
pared the  nitrate  of  the  new  base,  which  is,  though  with  difficulty,  obtained 
in  six-sided  tables,  with  the  beautiful  nitrate  of  the  previously  studied  base. 
Ethenyldiphenyldiamine  is  quite  neutral,  whilst  the  alcoholic  solution  of 
the  unnamed  base  has  a  distinctly  alkaline  reaction.  The  melting-points 
also  of  the  two  bases  differ  widely ;  the  old  one  melts  at  137^  and  the  new  at 
71°.  Lastly,  the  behaviour  of  the  two  bodies  with  concentrated  sulphuric 
acid  leaves  no  doubt  but  that  they  are  different ;  ethenyldiphenyldiamioe 
is  changed  under  these  circumstances  without  blackening  into  sulphanilic 
acid  and  acetic  acid.  The  base  derived  from  thiobenzamide  is  charred 
with  evolution  of  sulphurous  acid. 

I  am  indebted  to  Mr.  K.  Samow  for  his  valuable  assistance  in  prose- 
cuting the  above  researches. 

III.  '' Contribntions  to  the  History  of  the  Acids  of  the  Sulphur 
Series. — I.  On  the  Action  of  Sulphuric  Anhydride  on  several 
Chlorine  and  Sulphur  Compounds.'^  By  Henry  E.  Arm STRoiiro^ 
Ph.D.  Communicated  by  E.  Frankland^  PhJD.,  F.R.8.  Re- 
ceived May  2,  1870. 

Kuhlmann  t,  in  a  comprehensive  memoir  on  the  formation  of  ether,  men- 

tions  incidentally  the  direct  combination  of  sulphuric  anhydride  with 

♦  Hofmann,  Proc.  Roy.  Soc.  vol.  xv.  p.  55. 
t  Ann.  Ch.  Pharm.  xzxiii.  p.  106. 
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ethjlie  ehloride  to  a  liquid,  which  fumes  strongly  ib  the  air ;  this  treated 
with  water  yielded  him  an  oilj  product,  which,  however,  could  not  be  dis- 
tilled without  undergoing  decomposition. 

Robert  Williamson  *  also  made  experiments  on  the  formation  of  this 
eompound,  and,  from  the  amount  of  anhydride  and  ethylic  chloride  enter- 
ing into  the  reaction,  came  to  the  conclusion  that  it  was  the  ethylic  com** 
pound,  homologous  with  Williamson's  sulphuric  chlorhydrate,  which  he 
also,  by  an  analogous  process,  succeeded  in  obtaining  by  the  action  of  hydric 
chloride  on  sulphuric  anhydride. 

Excepting  these  two  short  notices,  nothing  was  known  of  the  properties 
and  constitution  of  this  body ;  and  it  therefore  appeared  to  me  of  interest 
to  submit  it  to  a  more  close  examination. 

Whilst  occupied  therewith,  a  paper  of  Pourgold's  f  appeared  on  the  same 
subject,  by  the  series  of  reactions  described  in  which  it  is  prored  that  the 
formula  ascribed  to  it  by  Robert  Williamson  is  in  reality  the  rational  one. 

Thus  further  experiments  of  mine  in  this  direction  were  rendered  unne- 
cessary. 

According  to  my  obsenrations,  howerer,  the  simple  formation  of  this  one 
chloride  is  not  the  only  phase  of  the  reaction.  One  always  obtains,  as  Pour- 
gold  also  mentions,  considerable  quantities  of  products  of  higher  boiling- 
point  ;  and  I  have  found  that,  by  heating  the  same  some  time  with  water 
in  a  sealed  tube  at  120°  C,  afterwards  evaporating  to  drive  off  the  hydric 
chloride  formed,  and  neutralizing  with  baric  carbonate,  a  permanent  salt 
was  obtained,  which  by  analysis  was  proved  to  have  the  composition  of 
baric  isethionate. 

The  formation  of  the  chloride  from  which  this  salt  has  resulted  is  cer- 
tttnly  remarkable,  although  easily  explicable,  as  seen  by  the  following 
equation: — 


C,  H,C1+S0,=C,H,H01  gQ 


Again,  on  one  occasion  the  impure  liquid  obtained  directly  by  passing 
the  ethylic  chloride  into  a  flask  containing  the  sulphuric  anhydride,  kept 
cool  by  being  surrounded  with  ice,  had,  on  standing  over  night,  deposited 
a  quantity  of  large,  irregular,  prismatic  needles,  of  an  exceedingly  decom- 
posable nature,  the  composition  of  which  I  unfortunately  did  not  succeed 
in  fixing,  and  on  no  future  occasion  was  I  able  to  obtain  the  same  again. 
I  intend,  however,  shortly  to  renew  the  study  of  these  by-products,  and 
also  of  the  analogous  reactions  on  employment  of  methylic  and  amylic 
chlorides. 

The  extension  of  these  experiments  to  the  chlorinated  chlorides  of  the 
CsHji^^i  series  was  full  of  interest,  as,  commencing  with  carbonic  tetra- 
chloride, there  was  a  certain  possibility  of  arriving  by  this  means  at  a 
trichlormethylic  alcohol.     I  therefore  entered  upon  the  investigation  with 

^  Cbem.  Soo.  Quart.  Journ.  x.  p.  100.  t  Qomp.  Bend.  Ixrii.  p.  452. 
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the  intention  of  applying  the  reaction  to  memben  of  the  aeffml  leriei  of 
organic  haloid  compounds.  In  the  following  are  contained  the  reralti  of 
most  of  the  experiments  hitherto  made ;  and  althon^  in  a  leas  complete 
form  than  I  could  wish,  I  am  induced  to  make  them  now  paUic»  as  for 
several  reasons  it  will  be  some  time  before  I  shall  be  enabled  to  oontiniia 
mj  experiments  in  this  direction. 


Jetton  of  Sulphuric  Anhydride  on  Carbome  TetroMoridem 

In  this,  as  in  all  the  following  experiments^  the  liquid  waa  added  to  the 
sulphuric  anhydride  by  means  of  a  drop-funnel  provided  with  a  glaasstqp- 
cock.  The  anhydride  was  prepared  by  distillation  of  Nordhausen  anlphnrie 
acid,  and  condensed  in  a  wide-mouthed  flask.  This  flask  waa  oonneetdli 
by  means  of  a  cork  provided  with  two  borings^  with  an  inverted  UM^% 
condenser,  and  with  the  drop-funnel. 

The  action  set  in  immediately  on  allowing  the  carbonic  tetrachloride  to 
drop  on  to  the  anhydride,  and  was  accompanied  from  the  beginning  by  a 
constant  evolution  of  gas.  The  smell  and  suflbcating  propertiea  of  this  gss 
characterised  it  at  once  as  carbonic  ozychloride ;  it  was  entirely  abaoibed 
by  absolute  alcohol,  the  absorption  being  accompanied  by  a  great  rise  in 
temperature.  On  the  subsequent  addition  of  water  a  heavier  layer  was 
precipitated,  which  was  separated  from  the  wash-water  and  dried  over  cslcic 
chloridp.  It  was  then  obtained  as  a  colourless,  mobile  liquid,  boiling 
between  90°  and  95^  C,  traces  of  which  exercised  a  most  irritating  action 
on  the  eyes.  The  B.P.  of  chlorocarbonic  ether,  with  which  it  agrees  in  sll 
its  properties,  is  given  as  94°  C. 

The  rise  in  temperature  on  adding  C  Cl^  to  the  anhydride  was  very  con- 
siderable ;  and  after  one  equivalent  of  the  former  to  two  of  the  latter  wts 
present,  it  was  only  necessary  to  apply  the  heat  of  a  water-bath  for  a  short 
time  in  order  to  complete  the  reaction  ;  there  then  remained  a  heavy,  dark 
brown-coloured  liquid  in  the  flask,  on  subjecting  which  to  distillation  • 
small  quantity  C  Cl^  first  passed  over,  whereupon  the  thermometer  rose 
rapidly,  and  between  1 30''  and  1 50°  the  whole  distilled  over.  Af^er  repested 
rectification  the  pure  product  was  obtained  of  B.P.  I4l°-145°  (uncor- 
rected) under  a  normal  pressure.  Thus  prepared  it  is  a  colourless,  hesTji 
mobile  liquid,  constantly  fuming  in  the  air,  and  which  refracts  light 
strongly. 

On  analysis,  the  following  numbers  were  obtained : — 

•342  grm.  gave  '7366  grm.  Ba80^=29-.56  S. 
•296  grm.  gave  -3922  grm.  AgCl  =32-8  CI. 

which  results  correspond  with  the  formula  S^Oj  Clj,  as  is  evident  from  the 
following  comparison  of  the  analytical  with  the  calculated  numbers  : — 


k 
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Calculated.  Found. 

S,  =  64 297  29-56 

01,=  71 330  32-80 

O,=  80 —  — 

215 

The  formation  of  this  chloride^  and  of  carbonic  oxjchloride^  is  explained 
by  the  following  equation  : — 

CCl, + 2SG3=  COCl,  +  S^O.CL,. 

This  bodj»  which  I,  for  reasons  to  be  mentioned  later  on,  call  pjrosul- 
phuric  chloride,  was  first  discovered  by  H.  Rose,  who,  in  his  description  of 
its  properties,  especially  calls  attention  to  its  being  but  slowly  decomposed 
in  contact  with  water  at  ordinary  temperatures, — a  statement  which  I  can 
thoroughly  endorse. 

Schutzenberger  *,  however,  who  in  the  meantime  has  also  published  a 
series  of  observations  on  this  reaction,  with  which  on  the  whole  mine  agree, 
diflfers  very  considerably  in  his  description  of  this  chloride,  which,  accord- 
ing to  him,  boils  at  130^  C.t,  and  is  decomposed  immediately  by  water. 
On  this  he  lays  particular  stress,  and  draws  the  conclusion  that  either  his 
substance  is  isomeric  with  Rose's,  or  that  Rose  worked  with  an  impure 
substance. 

It  seems  to  me,  however,  that  the  contrary  is  the  case, — that  Rose 
describes  the  properties  of  the  pure  substance,  although,  to  judge  from  his 
analyses,  his  was  not  a  chemically  pure  one.  To  make  the  chlorine  and 
sulphur  estimations,  I  broke  a  very  thin  glass  bulb,  filled  with  a  weighed 
quantity  of  the  liquid,  under  water  ;  but  so  great  is  the  relative  stability  of 
tfie  chloride,  that  a  considerable  time  elapsed  before  the  small  quantity 
employed  was  decomposed,  even  when  I  used  a  dilute  potassa  solution, 
which  was  warmed  to  50*^-60°  C. 

The  direct  substitution  of  two  chlorine  atoms  by  one  oxygen  atom,  which 
has  taken  place  in  carbonic  tetrachloride,  is,  as  far  as  I  know,  the  first  in- 
stance of  this  nature  among  organic  compounds.  The  formation  of  phos- 
phoric oxychloride  from  phosphoric  chloride  by  means  of  sulphuric 
anhydride  is,  I  believe,  the  only  analogous  reaction, — 

PCI, + SO3 = POCI3 + SO.Cl,. 

The  contrary  substitution  is  often  enough  met  with — is,  in  fact,  one  of 
the  general  reactions  of  phosphoric  chloride.    Thus  we  have : — 

f  CH,  f  CH3 

CCL  from  <  CO  , 
CH,  [  CH, 

It  may  be  predicted  that  carbonic  tetrabromine  treated  in  the  above 


I 


c|  from  j  CO*.  (  g^.  fron.  {  gj^,,  and  {  g'^'  from  {  g^^^j. 


*  Compt.  Eend.  Lrix.  p.  350. 
t  Boee  gives  145''  C.  as  the  B.P. 
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manner  will  gire  rise  to  caibonie  osjbroiiiid^  togeCbcr  with  nlidiiinNUi  an- 
hydride and  free  bromine,    I  do  not  bdiofo  that  a  pjRNn^duirie  faronudo 

will  be  formed.  ^ 

Actum  of  Su^^kmie  Anhydride  on  CUonffbrwu 

The  experiment  was  made  under  exactly  the  same  oopditiona  aa  tfai 
former  one.  The  action  set  in  immediately  on  addition  of  the  chhmrfbm^ 
and  was  also  accompanied  by  a  rise  in  temperature  and  an  evohitiim  of 
gas»  which  gas  proved  to  be  pure  carbonie  oaddc^  and^  as  waa  aaoertained 
by  experiment,  free  from  hydric  chloiide^  whoie  formation  by  the  TBactJoa 
was  not  impossible. 

The  reaction  was  easily  completed  by  aid  of  a  gentle  heat»  and  the  Htpii 
remaining  in  the  flask  waa  then  subjected  to  distillation.  After  repeatad  no- 
tification the  greater  part  boiled  constantly  at  139^-149^  and  waadbtdnil 
as  a  colourless,  mobile  liquid,  difiering  only  in  B.P.  from  the  ehlonda  ob- 
tained by  the  action  of  the  anhydride  on  the  tetrachloride* 

The  analysis  yielded  the  fidlowing  results : — 

-1051  grm.  ga?e  «138  gras.  AgCI  «32*4  01. 
•1150  grm.  gaTO  *342  grm.  BaSO^  «26*8  8. 


Ctadouktad  ibr 

OiJoulatedftw 

Found. 

SO^OCl. 

SjOjCl,. 

8      =     28-8 

27-46 

29-7 

CI    -     32-4 

30-47 

33-1 

It  is  evident  from  the  above  comparison  of  the  numbers  obtained  with 
those  calculated  for  each  of  the  formulae  SO^HOCl  and  8,0,01^  that  they 
lie  midway  between  the  two,  and  there  is  therefore  no  doubt  that  this  liquid 
is  a  mixture  of  both. 

Pyrosulphuric  chloride  and  sulphuric  chlorhjdrate  are  therefore  derived 
from  sulphuric  anhydride  and  chloroform,  as  is  explained  by  the  following 
equations, — 

2S0,  +  CHCi,  =:  CO  +  Hci  +  s,o,a,. 

SO,  +  HCl     =  so,Hoa. 

There  was  a  probability  of  formylic  chloride,  HCOCl,  instead  of  the 
products  of  its  decomposition,  CO + HCl,  being  obtained  by  this  reaction, 
as  is  evident  from  the  equation, — 

2S0,  +  CHCI,  =  HCOa  +  S,0,C1,. 

This  is  not  the  case,  however,  as  is  proved,  1,  by  the  fact  that  carbonic 
oxide  is  evolved  immediately  on  adding  chloroform  to  the  anhydride,  which 
is  also  the  case  on  reversing  the  experiment,  and  allowing  sulphuric  anhy- 
dride vapour  to  act  on  an  excess  of  chloroform ;  2,  had  it  resulted  it  must 
have  been  detected  on  distillation,  either  as  such,  or  if  it  became  decom- 
posed, by  an  evolution  of  CO  and  HCl ;  but  the  distillation  only  yielded  the 
above-mentioned  chloride,  and  was  not  accompanied  by  any  further  disen- 
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gagement  of  gat.  If  it  be  formed  at  all,  which  I  certainly  do  not  hold  to 
be  the  caae,  it  is  immediately  decomposed  again  in  contact  with  the  anhy- 
dride into  carbonic  oxide  and  sulphuric  clorhydrate. 

Action  of  Sulphuric  Anhydride  on  Hexachlorbenzol. 
This  experiment  was  instituted  in  the  hope  of  obtaining  tetrachlorquinouy 
which,  as  is  known^  Graebe  *  si^cceeded  in  converting  into  hexachlorbenzol 
by  the  action  of  phosphoric  chloride.  The  first  step  in  the  reaction  would 
be  the  formation  of  the  body  C.Cl^O,  which  probably,  by  the  intervention 
of  another  molecule  of  the  anhydride,  would  then  be  converted  into 

.0 

OJCi/i.    I  say  probably,  because  there  seems  no  tendency  in  the  benzol 

aeries  to  form  derivatives  in  which  two  of  the  monovalentic  hydrogen  atoms 
are  replaced  by  a  single  divalentie  atom. 

However,  no  action  whatever  took  place  on  heating  the  hexachlorbenzol 
in  sealed  tubes  with  sulphuric  anhydride  alone,  or  with  addition  of  pyro- 
anlphuric  chloride  as  dissolvent,  to  a  temperature  over  200^  C.  The  tubes 
burst  frequently,  but  in  all  cases  it  was  possible  to  separate  out  the  hexa- 
chlorbenzol perfectly  unaltered  on  addition  of  water.  Possibly  better  re- 
sults might  be  obtained  with  tri-  or  tetrachlorbenzol  in  which  is  still 
replaceable  hydrogen. 

Experiments  were  also  made  vnth  chlorobenzol,  benzotrichlorid,  and 
dichlorhydrin,  from  the  first  two  of  which  respectively  benzoic  aldehyde  and 
chlorbenzol  might  have  been  formed, — a  view  which  was  favoured  by  Op- 
penheim's  f  having  obtained  benzoic  aldehyde  by  the  action  of  concentrated 
iolphuric  acid  on  chlorobenzol  and  after-treatment  with  water. 

Dichlorhydrin  was  perfectly  carbonized  by  the  action  of  the  anhydride, 
HCl  and  SO,  being  evolved,  and  the  other  two  chlorides  were  converted, 
also  with  evolution  of  HCl,  into  that  peculiar  resin-like  substance  which  is 
a  80  characteristic  product  in  many  reactions  with  these  bodies. 

There  seems,  therefore,  to  be  no  doubt,  as  was  indeed  probable,  that  the 
substitation  of  CI,  by  0  can  only  be  effected  in  such  compounds  as  are  ca- 
pable of  reasting  the  action  of  the  pyrosulphuric  chloride  formed  thereby, 
and  that  consequently  it  is  only  attainable  in  its  purity  in  those  cases  where 
the  whole  or  greater  part  of  the  hydrogen  is  replaced  by  chlorine. 

Action  qf  Sulphuric  Anhydride  on  Perchlorinated  Chloride  of  Ethylene. 

On  bringing  these  two  bodies  together  and  slightly  warming,  the  reaction 
soon  set  in,  the  latter  melting ;  a  disengagement  of  gas  also  took  place,  an 
examination  of  which  proved  it  to  be  a  mixture  of  carbonic  oxychloride  and 
goiphurous  anhydride.  On  continuing  the  application  of  heat,  the  contents 
of  the  flask  gradually  became  liquefied,  and  on  subjecting  afterwards  to 
diitiUatioDi  the  liquid  commenced  to  boil  at  about  60^  C. ;  the  thermometer 

*  Ann.  Ch.  Pharm.  exlvi.  p.  12. 

t  Berichte  d.  Deutschen.  Cbem.  Qes.  iL  p.  213. 
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rose,  however,  rapidly,  and  but  a  small  quantity  had  passed  over  under 
130^  C.  The  portion  boiling  from  130°  upwards  consisted  entirely  of  py- 
rosulphuric  chloride. 

The  more  volatile  portion  was  now  treated  with  ice-cold  water,  in  order 
to  free  it  as  much  as  possible  from  pyrosulphuric  chloride,  quickly  sepa- 
rated from  the  water,  dried  over  calcic  chloride,  and  distilled,  when  it  was 
found  to  boil  between  100°  and  140°.  With  the  small  quantity  at  my  dis- 
posal (at  the  most  5  grm.)  it  was  impossible  to  attempt  to  purify  it  by  rec- 
tification ;  I  therefore,  as  I  suspected  it  to  be  trichloracetylic  chloride 
(chloraldehyde),  attempted  to  convert  it  into  the  correspondii^  ether ;  but 
unfortunately,  through  an  accident,  lost  it  all  in  so  doing. 

The  following  are  the  observed  properties  of  the  above  product : — In 
contact  with  water  it  became  gradually  decomposed,  hydric  chloride  bdng 
formed  ;  it  acted  very  violently  on  alcohol,  also  on  aqueous  ammonia,  and 
the  solution  here  obtained  yielded  on  evaporation  long  prismatic  needles  of 
ammonic  trichloracetate  (?). 

Had  the  reaction  taken  a  normal  course,  the  formation  of  chloraldehyde 
was  to  be  expected,  according  to  the  equation, — 

C.Cle  +  2SO3  =  C,C1,0  +  S,0,C1,. 

The  properties  of  the  substance  obtained  also  agree  in  so  far  with  those 
given  for  chloraldehyde,  and  I  have  therefore  little  doubt  but  that  it  has 
really  resulted ;  the  yield  is,  however,  very  small,  in  consequence  of 
secondary  reactions  taking  place. 

Unfortunately  I  am  not  in  possession  of  the  necessary  material  to  repeat 
the  experiment  and  place  its  formation  beyond  all  doubt. 

Thus  far  have  I  studied  the  substitution  of  Cl^  by  O  up  to  the  present 
moment,  but  I  intend  prosecuting  my  researches  in  this  direction,  which 
seems  to  me  to  present  a  number  of  interesting  points.  It  is  a  question 
whether  the  compounds  C^Cl^  and  CaHClg,  isologous  with  CCl^  and  CHCl^ 
will  give  rise  to  C^OClj  and  C^O,  isologous  respectively  with  COClj,  and 
CO ;  the  formation  of  such  bodies,  and  of  acids  of  the  general  formula 

rCOHO 

-<  C.         ,  seems  theoretically  neither  impossible  nor  improbable. 
[  COHO 
Will  the  action  on  chlorpicrin  be  analogous  with  that  on  carbonic  tetra- 
chloride or  on  chloroform  ? 

The  production  of  a  silicic  oxychloride  from  silicic  chloride  by  the  same 
means  is  also  to  be  expected. 

Action  of  Sulphuric  Anhydride  on  Carbonic  Bisulphide. 

The  extraordinary  mobility  of  the  one  oxygen  atom  in  sulphuric  anhy- 
dride, evident  in  all  the  preceding  experiments,  gave  rise  to  the  hope  that 
in  sulphur  compounds  a  substitution  of  sulphur  by  oxygen  might  be  rea- 
lized, and  thus  the  interesting  gas  carbonic  oxysulphide  be  directly  obtain* 
able  from  carbonic  disulphide. 
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According  to  Greniher  \  carbonic  disnlphide  and  sulphuric  anhydride  are 
without  action  on  one  another^  a  simple  solution  of  the  anhydride  taking 
place.  Notwithstanding  this  I  thought  it  advisable  to  repeat  the  ezperi- 
menty  and  have  by  so  doing  found  that  a  reaction  does  take  place  exactly 
in  the  sense  I  had  expected. 

If  equivalents  of  the  two  are  mixed  together^  action  sets  in,  even  at  com* 
mon  temperatures,  after  a  short  time,  but  at  once  on  warming  the  mixture, 
and  is  accompanied  by  a  continuous  evolution  of  gas,  which,  by  alternate 
heating  or  cooling,  can  be  regulated  at  will. 

The  escaping  gas  was  first  passed  through  a  wash-bottle  containing 
water,  and  then,  to  free  it  from  carbonic-disulphide  vapour,  through  tubes 
filled  with  pieces  of  unvulcanized  caoutchouc  placed  in  a  freezing-mixture 
of  ice  and  salt  f  ,  and,  finally,  to  remove  the  last  traces  of  sulphurous  an- 
hydride, over  plumbic  peroxide.  Thus  purified,  it  possessed  all  the  pro- 
perties described  by  Than  i  and  others  as  characteristic  of  carbonic  oxy- 
snlphide,  and  its  identity  therewith  was  further  proved  by  a  gasometric 
analysis,  which  gave  the  following  data : — 

Vol 

Oas  employed,  dry  . .  ^ .  92*1 
After  addition  of  oxygen  290*7 
After  explosion    276*9 

Gas  employed 

Contraction  observed    ....   10*95 

A  contraction  to  one-half  the  original  volume  is  required  on  the  as9ump« 
tion  that  1  vol.  C0S-h3  vol.  0=1  vol.  COj^+1  vol.  SO^,;  and  this,  as  is 
erident,  is  nearly  the  case. 

Ammonic  sulphocarbamate,  formed  by  the  direct  union  of  carbonic  oxy- 
aolphide  with  ammonia,  and  first  described  by  Berthelot,  I  found  to  be 
produced  in  quantity  on  passing  the  gas  and  ammonia  together  into  abso- 
lute alcohol,  it  separating  out  from  the  concentrated  solution,  on  standing, 
in  long  prismatic  needles. 

Than,  by  decomposing  carbonic  oxysulphide  over  mercery  in  the  one 
limb  of  a  y  tube  provided  with  platinum  wires,  found  that  a  separation 
into  an  equal  volume  of  carbonic  oxide  and  sulphur,  which  appears  as  a 
thick  cloud  on  the  tube  every  time  on  passing  the  spark,  took  place. 
On  repeating  his  experiment  with  my  gas,  I  found  exactly  the  same  to  be 
the  case. 

The  residue  in  the  flask,  after  the  evolution  of  gas  had  ceased,  was  ob« 
tained,  after  washing  with  water,  as  a  yellow  friable  mass,  consistbg  en* 
tirdy  of  sulphur. 

*  Jahretbericht ;  J.  Chemie,  1858,  p.  85. 

t  Bender^s  modification  of  Than's  original  plani  Anni  Ch.  Pharm. 

I  Ann.  Ch.  Fharm.  jSupp.  Sand  v.  p.  236. 
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Vol.  at  0«»  0. 

Pressure. 

Temp.  C. 

and  1  min. 
press. 

•2551 

13-8 

22-33 

•4566 

13-8 

126-35 

•4377 

13-8 
22-33 

115-40 
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The  following  nmple  equation,  tberdbre;  ezplnni  tU  rtaetion  wllich 

has  taken  place :— - 

cs,  +  SO,  =  COS  +  so,  +  s. 

Action  of  Sulphuric  Anhydride  on  Pkoapkoroui  CUoride. 

The  case  with  which  the  foregoing  reaction  had  taken  place  led  me  to 
try  the  action  of  the  anhydride  on  a  compound  which,  poaieaauig  latent 
nfHnities  and  a  predisposition  to  comhine  with  oxygen,  it  wai  to  be  expected 
would  cause  the  separation  of  the  *'  extraradical  '*  oxygen  atom,  u  I  tem 
the  atom  which  is  signalized  by  its  great  mobility.  The  compound  choiea 
was  phosphorous  chloride. 

On  adding  this  to  the  anhydride,  which  must  be  in  a  flask  Burronnded 
by  ice,  a  violent  reaction  takes  place,  attended  by  a  copious  erolation  of 
sulphurous  anhydride.  No  further  action  is  observable  after  equal  ^ni- 
valents  have  been  employed ;  and  on  distilling  the  resulting  liquid  and 
fractioning  two  or  three  times,  two  products  are  obtained,  the  one  boOing 
from  1 10°  to  1 14°,  which,  from  all  its  properties,  is  undoubtedly  phoapliorie 
oxychloride. 

The  reaction  has  therefore  partly  taken  place  as  wa9  expected,  and 
according  to  the  equation — 

PCI3  +  SO,  =  POCI3  +  SO,. 

•   ■    •       •   •  • 

The  second  product,  which  is  obtained  in  varying  quantity,  according  as 
more  or  less  anhydride  is  employed,  the  more  being  formed,  the  greater 
the  proportion  of  the  latter  *,  boils  at  the  first  distillation  between  120°  and 
1 70°,  and  cannot  be  obtained  of  constant  B.P.,  even  by  repeated  rectifica- 
tion, by  each  of  which  it  only  suffers  further  decomposition,  a  thick  vamidi« 
like  residue  remaining  every  time..  This  product  contains  phosphorus, 
chlorine,  and  sulphur. 

II.  Rose,  who  also  studied  this  reaction,  though  without  observing  the 
formation  either  of  phosphoric  oxychloride  or  of  sulphurous  anhydride, 
which  latter  he  only  remarked  was  given  off  on  subsequent  distillation,  also 
describes  this  second  product ;  he  ascribes  to  it,  however,  an  exceedingly 
complicated  formula. 

It  is  very  possible  that  a  further  substitution  of  chlorine  by  oxygen  has 
ta  ken  place,  1$  explained  by  the  equation — 

POCI,  +  2SO3  «  PO.Cl  +  s,OA; 

and  this  compound  can  be  viewed  as  mctaphosphoric  chloride,  which  it  is 
to  be  expected  would  be  of  a  very  unstable  nature.  The  above  product  is 
then,  on  this  supposition,  a  mixture  of  two  chlorides,  to  decide  winch  it 
will  be  first  necessary  to  institute  experiments  with  pure  phosphoric  oxy- 

*  It  18  probftblc  tliat  only  phosphoric  oxycliloricie  would  be  formed  were  the  experi- 
xnont  rcTcreed,  and  tho  anhydride  allowed  to  act  on  an  oxoeas  of  the  pbbspboroos 
chloride, 


1870.]     ;  Adds  of  the  Sulphur  Series.  511 

and  sulphochlorides ;  it  may  theii  be  possible  to  separate  the  products  of 
the  reaction  by  means  of  distillation  under  reduced  pressure. 

The  formation  of  phosphoric  oxjchloride  in  this  reaction  can  be  con- 
sidered as  the  result  of  the  simple  addition  of  oxygen  to  phosphorous  chlo- 
ride^  the  triatomic  phosphorus  becoming  pentatomic*« 

On  the  Properties  and  several  Reactions  of  Pyrosulphurie  Chloride. 

Pyroialphuric  chloride  was  first  obtained  by  H.  Bose  by  the  action  of 
jolphnric  anhydride  on  chloride  of  sulphur  S^Cl,,  and  later  on  by  simple 
difltillation  of  chloride  of  sulphur  saturated  with  chlorine  with  Nordhausen 
julphurie  acid. 

.    Rosenstiehl  prepared  it  by  heating  sodic  chloride  with  sulphuric  anhy- 
dride,— 

3S0,  +  2Naa  =»  S,0,C1,  +  Na.SO,. 

According  to  him,  acetylic  chloride  is  formed  by  heating  it  with  sodic 
tcetate,  and  chlorochromic  acid  by  its  action  on  potassic  chromate,  sodic 
and  potassic  pyrosulphates  being  formed  at  the  same  time,  as  he  proved 
by  analysis,— 

K,CrO,  +  S,0,CI,  =  CrOA  +  SA^,. 
On  passing  its  yapour  through  a  tube  heated  to  dull  redness,  I  have 
found  the  following  decomposition  to  take  place  :^-During  the  whole 
operation  chlorine  and  sulphurous  anhydride  escaped,  and  in  the  receiver, 
which  was  kept  cold  by  ice,  sulphuric  anhydride  and  a  liquid  layer  were 
condensed.  The  latter  yielded  on  distillation  two  products,  the  one  boiling 
below  100^  and  the  other  consisting  of  the  pyrosulphurie  ehloride  which 
had  escaped  decomposition.  The  first  portion  was  found  to  be  sulphuric 
imbydride  contaminated  with  traces  of  pyrosulphurie  chloride ;  for  on 
passing  a  stream  of  dry  carbonic  anhydride  through  it  the  whole  solidified. 
The  decomposition  is  therefore  expressed  by  the  equation — 

^fifi\  =  SO.  +  SO.  +  CI.. 

The  result  of  a  vapour-density  determination,  according  to  Dumas's 
method,  also  speaks  for  the  above  decomposition  <    The  following  arc  the 

observations  recorded : — 

nun. 

Weight  of  globe+dry  air  at  14°7  and  758-9. . . .  50-513 

Weight  of  globe + vapour  at  202°  and  758-6  ....  50-732 

Capacity  of  globe 249cub.ccntim. 

Residual  air 1     „      ,, 

which  gave  a  specific  gravity »  5* 06. 

The  calculated  number  for  SaOftCl2=s2  vol.  is  14*89  ;  a  splitting  up  into 
SO, +SO.C].  being  admitted,  it  is  7*44  ;  and  if  the  decomposition  go  further, 

*  EzpeiimentA  were  alno  made  to  oxidize  carbonic  oxide ;  but  tho  anhydride  was  found 
to  be  without  action  on  it  up  to  a  temperature  of  200^.    I  have  no  doubt,  nowcvcr,  that 
*  tbe  employment  of  a  somewhat  higher  temperature  will  c£Eect  tho  combination. 

2q2 
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and  SO,,  SO,,  and  CI,  are  the  final  prodncti  obtained  on  heatings  4-96  ia 

the  theoretical  number. 

The  experimental  number^  however,  lies  between  ihe  two  latter,  and  it  is 
therefore  to  be  supposed  that  already,  at  a  temperature  of  200^,  the  disso* 
ciation  was  almost  complete. 

I  intend  making  a  series  of  determinations  atyatying  temperatures  and 
pressures^  especially  as  H.  Kose  and  Rosenstiehl  haye  obtdned  numben 
very  different  from  mine ;  the  former  gives  8*96  aa  the  mean  of  5  oon- 
cordant  experiments  all  made  at  about  200°,  and  the  latter  7'52,  tlie 
perature  at  which  the  determination  was  made  not  being  given  in  thii 

The  action  of  phosphoric  chloride  on  the  chloride  is  somewhat  remaik- 
able.  On  bringing  the  two  together  a  violent  action  takes  place,  and  aol- 
phurous  anhydride  and  chlorine  escape ;  after  adding  slightly  more  than 
1  equivalent  of  the  chloride  and  1  equivalent  phosphoric  chloride,  and 
warming  a  short  time,  the  latter  had  entirely  disappeared.  On  diatilHng 
but  little  passed  over  below  130°,  the  greatest  portion  between  130^  and 
140°,  and  from  140°  to  150°  about  one-third  of  the  whole.  Under  all  cir* 
cumstances  the  formation  of  phosphoric  oxychloride  was  to  be  expected 
and  it  was  therefore  remarkable  that  so  little  had  distilled  over  within  the 
limits  of  its  boiling-point.  The  analysis  of  the  three  fractions,  however, 
has  shown  that  they  are  all  mixtures  of  P0C13  and  S^O^CL,  in  varying  pro- 
portions. 

From  fraction  1  (130°),— 

•1655  grm.  gave  -409    grm.  AgCl       =61*1  CI. 
•4027  grm.  gave  -1395  grm.  BaSO^    =  475  S. 
•165    grm.  gave  -0777  grm.  Mgj,Pj,0.=  13'15  P. 

The  amount  of  phosphorus  shown  by  analysis  corresponds  to  65*1 
POCI3 ;  but  the  amount  of  chlorine  remaining  after  deduction  of  that  re- 
quired by  the  phosphorus  and  the  sulphur  are  not  in  the  proportion  re- 
quired either  by  sulphuric  chloride  or  by  pyrosulphuric  chloride :  it  is 
therefore  probable  that  a  mixture  of  both  is  present. 

The  second  fraction  still  contained  20*8  POCl,. 
The  third  „  „  12-5  POCl,. 

The  decomposition  is  accordingly  expressed  by  the  equation-— 

SjO^Cl,  -I-  PCI,  =  POCI3  +  2SO2  +  CI.. 

Sulf>huric  chloride,  which  it  at  first  seemed  probable  would  be  the  sole 
product  beside  phosphoric  oxychloride, — 

SO3CI 

O         4-  PC]„  =  POCI3  +  2S0,C]„ 
SO.Cl 

has,  if  at  all,  only  been  formed  in  very  small  quantity,  it  seems. 
As  to  the  constitution  of  the  body  SjO^CI,,  all  seems  to  speak  for  its 


^^■■1*1 
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being  the  chloride  of  pjrosulphuric  acid  (so-called  Nordhausea),  to  which 
it  bears  the  same  relation  as  sulphuric  chloride  to  sulphuric  acid^ — 

sorHOso/cifso.Horso.ci 

S04H0'S0aici|0j^H0.|0j^Cr 

The  old  yiew  of  considering  Nordhausen  sulphuric  acid  as  merely  a  so- 
lution of  sulphuric  anhydride  in  ordinary  sulphuric  acid  has  now  probably 
but  few  partisans  among  chemists^  it  being  looked  upon  as  a  true  chemical 
compound,  although  of  a  very  unstable  nature^  for  the  reason  that  on  one 
aide  definite  (sodic  and  potassic)  salts  of  it  are  known,  and  on  the  other 
it  presents  analogies  with  certain  chromium  and  phosphorus  compounds,  in 
which  groups  we  are  acquainted  with  the  following  series :— « 

fSO.HO    fSO.a   fCrO.HO   fCrO^HO  fCrO.a      fPO(HO), 

-^o      Jo     Jo        Jo       Jo       Jo 

lS0,H0   ISO^Cl   [SO.HO     [CrO^HO    [CrO^HO  IpO(HO), 

The  peculiar  crystalline  compound  which  plays  an  important  part  in  the 
tolphurio-acid  manufacture  is  also  very  possibly  a  derivative  of  pyrosul* 

fS0,N0,* 
phone  acid,  thus : —  \0  ;  and  I  hope  to  be  able  to  prove  this  by 


the  action  of  sulphuric  anhydride  on  CH(N02)s  or  C  (NO,)^. 

rV.  ''On  some  of  the  more  important  Physiological  Changes  in- 
duced in  the  Human  Economy  by  change  of  Climate^  as  from 
Temperate  to  Tropical,  and  the  reverse/'  By  Alexander 
BATTjaAY,  M.D.  (Edinb.),  Surgeon  R.N.,  H.M.S.  '  Bristol.' 
Communicated  by  George  Busk,  F.R.S,  Received  May  3, 
1870. 

Besides  its  obrious  bearing  on  the  long- vexed  and  still  unsettled  question 
of  the  unity  of  the  human  species,  and  on  the  closely  related  one  of  accli- 
matization, the  present  inquiry  is  of  great  medical  importance.  Tropical 
pathology,  whether  of  native  or  foreign  races,  cannot  be  fairly  studied  until 
we  thoroughly  know  its  physiology ;  nor  can  we  recognize  and  properly 
estimate  disturbed  action  of  organs  till  we  understand  their  healthy  func- 
tions. Otherwise  natural  phenomena  may  be  mistaken  for  symptoms  of 
sickness.  Many  so-called  tropical  diseases  are  merely  exaggerations  of  the 
ordinary  effects  of  climate,  physiological  merged  into  pathological  pheno- 
mena ;  a  knowledge  of  the  one  is  the  first  step  to  an  accurate  acquaintance 
with  and  philosophical  method  of  treating  or  preventing  the  other. 

No  inconsiderable  part  of  our  present  knowledge  of  the  vital  phenomena 

*  Frankland,  Joum.  Chem.  Soo.  xix.  p.  392. 
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induced  in  the  human  economy  in  passing  from  cold  to  warm  regions,  or 
the  reverse^  is  derived  from  experiments  carried  out  in  artificially  made  or 
seldom  encountered  climates.  By  hot-air  chambers  we  illustrate  the  effects 
of  augmented  temperature  on  the  respiration,  pulse,  &c.,  and  by  the 
rarefied  atmosphere  of  mountain- tops. show  how  diminished  density  acts. 
Neither  of  these^  however,  are  fait  examples  of  natural  climates.  Thus  the 
former,  dry  and  warm,  is  unlike  the  tropics,  with  its  triple  combinatifm  of 
increased  heat,  rarefied  air,  and  excessive  moisture ;  as  the  latter,  dry  and 
chilly,  is  dissimilar  from  the  usual  surface-climates  of  extra-tropical  latitudes, 
which  conjoin  cold,  condensation,  and  moisture.  The  dry  and  warm,  or 
dry  and  cold,  climates  which  occur  in  nature  are  usually  local  and  limited* 
Nor  do  such  abrupt  and  temporary  exposures  to  heat  and  cold  have  any 
parallel  in  ordinary  life,  or  are  they  likely  to  induce  results  similar  to  the 
comparatively  slow  transition  involved  in  an  ordinary  change  of  climate; 
apd  though  Uie  rarefied  air  of  heated  chambers  will  decrease,  while  that  of 
great  altitudes  will  accelerate  respiration,  the  former  will  do  so  less,  and  the 
latter  more,  than  they  otherwise  would,  from  the  skin,  and  especiaUy  the 
more  slowly  acting  liver  and  kidneys,  being  unable  at  once  to  increase  their 
action  bo  as  to  aid  the  lungs  in  eliminating  carbon.  The  functional  changes 
so  induced  cannot  therefore  be  taken  as  a  fair  criterion  of  what  occurs  in 
nature ;  and  as  mere  approximates  to  truth,  such  observations,  though  in« 
teresting,  are  evidently  wanting  in  practical  importance* 

I.  The  Influence  of  Tropical  Climates  on  the  Respiration. 

It  has  been  ascertained,  by  the  experiments  already  alluded  to,  that  the 
respirations  are  diminished  in  frequency  in  warm  and  increased  in  cold  air ; 
but  we  do  not  yet  know  what  happens  in  the  tropics,  where  great  heat» 
rarity  of  air,  and  moisture  are  conjoined.  Nor  has  it  yet  been  shown 
whether  the  quantity  of  air  respired  is  greater  in  the  tropics  or  less.  It  is 
obviously  necessary  to  ascertain  both  before  we  can  decide  whether  the  total 
quantity  of  air  and  oxygen  respired,  and  the  amount  of  carbonic  acid  and 
watery  vapour  exhaled,  be  different  or  not* 

The  following  experiment  will  show  that  the  capacity  of  the  chest  for 
air  is  materially  affected  by  tropical  climates  : — 


k 
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Table  I,— To  show  the  effect  of  tropical  weather  on  the  capacity  of  the 

chesty  as  indicated  hj  the  spirometer. 


/'Wriffhttt. 

Soman*. 

Bodd*.... 

,BuBbeU». 


1^ 


^Maelean  w 
Knotitt  . 
Bftttrajtt. 
Korootttt. 

Bfowiie# 
Walter* 

Tomin,,, 
SUTer  ... 
Terting 
Maude... 
Haynes 
^  Huygbue 


!••••» 


Spencer 

Collins.. 
Simeon 


nenge  capacity  of  the 

l2  marked  *. 

,1       gain  (by heat). 


n       loe8(t70old).. 

voentage  of  gain  in 
the  tropics  


Age. 


25 
20 
22 
29 

28 
28 
38 
26 
25 
2^ 


Height 


ft.  in. 
5  lU 

5  ^ 

6  1(H 
6    7 

5  11 

5  n 

5  7i 

6  7i 
6  o| 
5  11 


2. 
Tropics, 


Tropics, 


4. 


Temn.  ume  ut  lU'*  N.,  at  lat.  70^  8..  at '  JrSPlJJS 
near  England,  «e»  in  equate-  sea  inequato-,***^*'? °«^ 

June  23.  IJ«9  juiy  12,im».  Aug.  20,  l-tfU.  tej-  V4 F* 
^'™-.>'?fJ^-  Therm.  78o  P.  ThJrm.  P.io  r.^k*™-  ^oS' 
Hygr.  2io  F.    Hygr.  *<>  F.  '  Hygr.  *<>  F.     ^^f^'  ^>  *^' 


27i  5    8} 
"69 
5  11 


34 

39 

31 
o«> 

22 
23 
00 


6 


5  9} 

6  3 
5  8i 
5  4 


cqK  ina. 
288 
222 
3(X3 
240 

321 
219 
219 
21G 
256 
285 
2t)7 
237 


••* 
... 
... 

... 
... 


cub.  ina. 
315 
255 
327 
201 

350 
243 
246 
240 
294 
316 
285 
237 
230 
240 
li43 

•  •  • 

•  •  • 

198 

... 

... 
... 
•*. 
... 

... 


cub.  ina. 
324 
254 
327 
270 

360 
246 
258 
246 
303 
318 
300 
243 


255 
255 


288 
270 
198 

152 
l(i2 
153 
180 
171 
153 


cub.  inf. 
300 
240 
300 
234 

330 
234 
234 
231 
258 
270 
270 
216 

•  •  ■ 

238 
247 
252 
2iU 
180 

150 
140 
149 
105 
156 
180 


256-083   !    280-75 
24-833 


287-416 
6-5833 


31-4163 


12-24 


260-25 


26*333 


A. 

Temp,  aonc, 

England, 

Plymooth, 

Fob.  10, 1M70. 

Therm.  A2^  V. 

Hygr.  'o°  F. 


cub.  ins. 
288 
236 
288 


318 

•  •  • 

224 
215 
255 
274 
252 
213 

•  ■  • 

228 

... 
... 
*  •* 

... 


253-727 


6-523 


This  ^ves  the  resalts  of  observations  with  the  spirometer  on  24  healthy 
individuals^  made  during  the  voyage  from  England  (lat.  51°  N.)  to  Bahia 
(lat.  1 1°  S.)  and  back.  Four  of  these  were  strong,  full-chested,  adult 
seamen,  fourteen  healthy  adult  officers,  and  six  young  growing  lads.  In 
the  twelve  marked  by  an  «  the  experiments  were  carried  on  throughout. 
Column  1  shows  the  capacity  in  the  temperate  climate  of  England  during 
summer  (Jiuie,  average  temperature  65°  F.,  shade).  The  average  of  these 
twelve  cases  gives  256  cubic  inches.  Column  2  gives  the  capacity,  nineteen 
days  aflerwardsj  in  the  equatorial  doldrums  and  greatest  heat  (7B^  F.,  shade) 
of  the  outward  voyage^  and  shows  that  this  had  increased  to  280  cubic  inches. 
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equal  to  an  average  gain  of  24  cobio  indiMper  man.  OofammS  gnm  tbe 
capacity,  thirtj-eiglit  days  later,  in  the  equatorial  doUmma  and  Ug^ieat 
temperature  of  the  return  Toyage  (83^  F.,  ahade),  and  ahowa  that  in  ten  of 
the  twelve  cases  this  increase  was  still  further  angmflnted  by  an  svemge  of 
6|  cubic  inches  from  prolonged  tropical  ezpoaore.  It  would  be  mtomtiiig 
to  know  the  limits  of  this  increase,  and  whether  it  ia^aa  likfllytpemuaMnt. 
The  other  two  cases  remained  stationary.  The  total  a^rmige  inthotwdva 
cases,  during  this  fifty  days'  rendence  in  the  tropics^  was  31  cnhie  inbhea 
(12*24  per  cent.)*  In  order  to  test  whether  this  was  doe  to  f  Kmariit 
or  resulted  from  custom  in  using  the  instrument,  the  same  caaea  wntii 
tested  about  three  weeks  afterwards,  on  return  to  England  in  Bqitember, 
when  it  was  found  (column  4)  that  the  capacity  of  the  dieat  for  ur  Ind 
again  decreased  in  every  case  by  an  average  of  26  cnUc  inehea.  Although 
the  temperatures  were  identical  (65°  F.,  shade)  on  quitting  and  retanuBK  to 
England,  the  time  wm  apparently  too  short  to  allow  the  oapaoify  of  the 
lungs  to  resume  their  first  standard  average  of  256  cnbk  inches^  being  adl 
at  260  cubic  inches.  But  this  result  followed  a  subsequent  ledoctkm  af 
temperature  to  42^  F.  (shade)  in  February  1870,  when  the  average  eapac&j 
of  eleven  of  the  same  cases  was  found  to  be  253  cubic  inches,  that  is^  3  cufaia 
inches  below  the  first  trial.  This  fact,  however,  goes  &r  to  prove  that  then 
is  a  limit  to  this  reduction  in  the  pneumatic  capacity  of  the  cheat  in  liealth, 
which  was  probably  nearly  reached.  The  results  among  the  other  adults 
were  identical,  and  showed  that  the  capacity  of  the  chest  for  air  is  con- 
siderably greater  in  the  tropics  than  in  temperate  climates.  This  was 
noticeable  in  five  of  the  six  cadets.  During  the  three  weeks  of  the  return 
voyage  between  the  tropics  and  England,  when  from  faulty  diet  their  growth 
was  nearly  or  altogether  stopped,  the  capacity  of  the  chest  decreased  con- 
siderably, when  it  might  have  been  reasonably  expected  that  the  diminished 
capacity  from  climatic  causes  would  have  been  more  than  counterbalanced 
by  expansion  from  growth,  usually  very  rapid  at  that  age.  Tlus  actually 
occurred  in  the  sixth  (Lees),  a  tall  growing  youth,  in  whom  an  increase  of 
27  cubic  inches  showed  that  his  chest  had  enlarged  considerably.  The 
greatest  increase  in  the  pneumatic  capacity  of  the  chest  from  this  sojourn 
in  tbe  tropics,  of  the  twenty-four  cases  here  recorded,  amounted  to  39  cubic 
inches,  and  the  lowest  to  21.  ' 

This  and  the  subsequent  experiments  were  made  at  sea,  and  in  equable 
super- oceanic  temperatures  *•  It  will  be  interesting  to  know  whether  the 
same  laws  prevail  in  insular,  littoral,  and  especially  continental  dimates, 
possessing  a  higher  day,  lower  night,  and  greater  diurnal  and  annual  range 
of  the  thermometer. 

*  The  daily  mean  range  of  temperature,  fUironheit,  was:— 

Highest.        Lowest.       Bange. 

Extra-tropical 9®  1«  3*»-()3 

Tropical e\o  !<>  g^.^^ 

4io  average  for  the  entire  voyage  being  3^*2  f , 
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The  following  Table  will  show  that  the  same  law  extends  to  the  negro  :— 

Table  II. — ^To  show  the  effect  of  climate  on  the  capacity  of  the  chest 

in  the  black  races. 


Age&a 

Baoe. 

Aoff.  1.^1869. 

Bit.  8°  8. 
Temp.79<»F. 

Aug.  25. 1969. 
LatiejON. 
Temp.  78®  P. 

Feb.  13, 1870. 

Snf(liui<l. 
Temp.iO^F. 

Benjamin  Campbell,  act.  21 
Height  5  ft.  5i  ins.) 

John  Oampbell,  act  20  ... 
Heiffht5ft.4in8. 

John  mUiamn,  set.  31  ... 
Height  5  ft  4  ins. 

Negro  of  SierraLeone 
Negro  of  SierraLeone 
Half  caste  

cub.  ina. 
210 

174 
176 

cub.  ins. 

207 

166 

162 

cub.  ins. 
185 

156 

In  the  first  case,  a  pure  black,  the  capacity  of  whose  chest  amounted  in 
the  tropics  to  210  cubic  inches,  it  became  reduced  in  the  winter  of  England 
to  185  cubic  inches.  In  the  second,  also  a  pure  black,  it  fell  from  1 74  in  (he 
tropics  to  156  during  the  English  winter.  The  2nd  column  records  the 
results  of  the  exit  from  the  doldrums  into  the  trades, — the  lungs  of  all 
races,  and  particularly  those  of  the  black  tribes,  being  then  supersensitive 
to  even  slight  reductions  of  temperature* 

That  a  similar  decrease  occurs  in  disease  was  shown  in  several  invalids 
from  Bahia  with  chest  affections  : — 

Table  III. — To  show  the  influence  of  climate  on  the  capacity  of  the  chest 

for  air  in  pulmonary  disease. 


Name  &o. 

Aug.  20, 1869, 

3  p.m. 

Lat.  7°  N. ;  calms 

of  equator  under 

sun ;  very  sultry. 

Temp.  83°  F. 

Aug.  25, 1869, 

3  p.m. 

Lat.  161°  N. ; 

cool  N.E.  trades. 

Temp.  78''  JF. 

Abbott,  set.  22 ;  phthisis,  carlj  2nd  stage  ... 
Cribbee.  flst.  25 :  Dhthisis.  Ist  stacre    

cub.  ins. 

1.35 

148 

147 

06 

cub.  ins. 
120 
140 

i;i5 

84 

Hughes,  8dU  17;  phthisiM,  2nd  stage 

Baiford.  set.  25:  phthisis,  2nd  Htacro ,,. 

Here,  in  all  four  cases,  there  was  a  decrease  from  8  to  15  cubic  inches, 
even  in  so  brief  an  interval  as  five  days,  caused  by  the  cool  dry  north-east 
trade-winds,  suddenly  met  with  after  calm,  moist,  sultry  weather  near  the 
equator.  The  period  was  evidently  too  brief,  and  the  disease  not  sufficiently 
active  in  any  of  these  cases,  for  this  to  have  resulted  from  the  formation  or 
increase  of  cavities  in  the  lungs ;  and  it  can  only  be  ascribed  to  the  law  that 
the  pneumatic  capacity  of  the  chest  varies  with  temperature,  increasing  in 
tropica],  and  diminishing  in  temperate  and  cold  climates. 

A  knowledge  of  this  law  is  evidently  of  practical  application  in  prevent- 
ing mistakes  in  the  spirometric  diagnosis  of  certain  lung-diseases.  Thus 
the  capacity  of  the  chest  of  an  individual  debilitated  by  residence  in  the 
tropics,  and  weak-chested,  but  with  no  active  lung-disease,  being,  say,^50 
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or  270  cubic  inches^  he  might  be  supposed  to  have  contracted  indpient 
phthisis  on  reaching  England  in  wij[iter  labouring  under  catarrh,  with  the 
pneumatic  capacity  of  his  chest  reduced  by  from  25  to  35  cubic  inches. 
On  the  other  hand^  a  patient  actually  in  incipient  phthisis  might  be  erro- 
neously considered  to  have  permanently  recovered  by  a  trip  to  the  tropics 
having  raised  the  capacity  of  his  lungs  for  air  by  a  similar  amount,  t.  e.  al- 
most or  actually  up  to  the  normal  standard  for  his  age  and  height  in  a 
temperate  climate.  A  similar  mistake  might  be  made,  especially  if  the 
instrument  is  carelessly  used,  in  the  same  climate,  e.  g.  that  of  England,  at 
different  seasons  of  the  year,  such  as  the  height  of  summer  and  depth  of 
wint^i:,  when  a  considerable  difference  in  the  capacity  of  the  lungs  for  air 
must  not  be  taken  as  an  index  of  disease  *.  The  greater  the  range  between 
the  summer  and  winter  temperatures,  the  more  marked  will  be  the  differ- 
ence in  the  spirometric  indications. 

But  it  is  not  by  deep  inspirations  like  these  that  ordinary  respiration  is 
carried  on  ;  and  it  is  important  to  ascertain  whether  the  air  inspired 
in  each  ordinary  breath  undergoes  a  similar  increase  and  decrease  according 
to  climate.  The  difficulty  in  limiting  and  measuring  the  small  quantity 
of  air  expired  during  our  usual  faint  breathings  makes  this  a  far  more 
delicate  and  difficult  experiment  than  the  preceding.  From  analogy, 
however,  we  may  infer  that  it  does  vary  ;  and  the  following  will  go  far  to 
prove  it.  My  ordinary  respirations  ranged  from  4  to  8,  and  averaged  6 
cubic  inches  in  a  temperature  of  44^  F.  (shade)  during  the  winter  of 
England.  At  Lisbon,  during  an  average  temperature  of  65^  F.  (shade), 
they  ranged  from  5  to  13,  and  averaged  9  cubic  inchesf.  Unfortunately 
while  in  the  tropics  I  had  not  the  proper  apparatus  to  ascertain  how  much 
they  increase  during  the  far  greater  temperature  of  equatorial  regions.  As 
these  results  therefore  only  prove  the  existence  of  an  increase,  and  do  not 
show  its  extent,  it  will  be  necessary,  as  it  is  doubtless  correct,  to  calculate 
the  minor  from  the  major  increase. 

The  following  Table  will  show  the  negative  effect  of  period  of  the  day 
on  the  capacity  of  the  chest  for  air  in  the  tropics. 

Table  IV. — The  capacity  of  the  chest  for  air,  as  influenced  by  period  of 

the  day  in  the  tropics. 


9  A.K 

3  p.m. 

9  P.M. 


In  the  Tropics,  as  a  whole, 
51  days. 


cubic  inches. 
244-3 
244-42 
24506 


Doldrums,  or  wannest  part 

of  the  Tropics ;  ayernge 

temperature  781®  F. 


cubic  inches. 
iM3 
242-57 
243 


*  Table  I.  cols.  4  &  5. 

t  Thest)  amounts  are  all  small,  because  those  taken  were  the  short  ones  which  imme- 
di^ly  follow  the  deep  inspiration  in  which  ordinary  breathing  usually  culmiuates 
•««^  twentieth  or  thirtieth  inspiratioxu 


^^  diatel 
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Column  1  ^ves  the  average  of  the  entire  voyage^  during  which  the 
equator  was  crossed  and  again  recrossed.  Here  the  results,  morning,  after- 
noon, and  evening,  both  in  the  tropics  generally  and  in  its  warmest  part, 
the  equatorial  doldrums,  are  so  very  nearly  identical  that  we  may  conclude 
that  period  of  the  day  has  very  little  influence  on  the  capacity  of  the  chest 
for  air>  or  the  power  of  taking  deep  inspirations. 

Closely  allied  to  the  foregoing  is  the  influence  of  tropical  climates  on 
the  frequency  of  the  respirations.  In  heated  air-chambers  respiration 
becomes  less  in  man*.  Vierordt  and  Ludwig  also  found  that  the  respira- 
tions are  lessened  in  number  in  animals  subjected  to  heatf.  Does  this 
occur  in  natural  tropical  climates  7  We  might  infer  that  as  the  volume 
inspired  increases,  so  does  the  number  of  respirations.  But  fact  (Table  V.) 
proves  the  reverse,  and  shows  that,  as  in  hot  artificial  climates,  they  are 
diminished  in  number. 

Table  V. — ^To  show  how  the  frequency  of  the  respiration  is  affected  by 

tropical  climate. 


Temperate  J  England,  in  summer  (June) 
Zone.      \        „       in  winter  (8  Feb.) 


Tropics  ... 


Equatorial  doldrums  (out- 
ward voyage)  

Equatorial  doldrums  (return 
voyage)    


Average 
temjK)- 
rature 

(j*hade). 

Highest 
number 
of  nwpi- 
ratiom}. 

Lowest 
number 
of  n«pi- 
ratiuiiJ!«. 

Average 
number 
of  respi- 
rations. 

Fuhr. 

()2° 

42-25 

78-74 
78-6 

18 
17-5 

14-5 
15 

13-5 
15 

n 

12 

• 

15-08 
lG-5 

12-74 
1374 

This  Table  is  compiled  chiefly  from  the  daily  results  of  a  three  months' 
Toyage  to  Bahia  and  back,  the  observations  being  taken  in  the  standing 
poature  at  9  a.m.,  3  p.m.,  and  9  p.m.  ;  the  averages  are  for  a  week.  Thus 
in  the  summer  of  England,  with  an  average  temperature  of  62°  F.,  the 
average  number  of  respirations  per  minute  was  I5f ;  whereas  in  the  dol- 
dnimSy  or  warmest  part  of  the  tropics,  during  the  outward  voyage,  with  a 
temperature  of  T^  F.,  the  average  was  only  12|,  and  on  the  return 
voyage  ]3|, — ^a  decided  decrease.  In  the  winter  of  England  (February), 
with  a  temperature  of  42°  F.,  the  average  had  increased  to  16j|,  and  at 
freezing-point  (32°F.)to  \1\,  With  those  results  similar  experiments 
carried  out  at  my  request  by  a  colleague^  coincided,  and  showed  that 
though,  as  in  temperate  latitudes,  the  activity  of  the  respiration  differs  in 
different  individuals,  they  are  diminished  in  number  in  the  tropics.  Thus, 
while  his  respirations  averaged  16*077  per  minute  in  the  temperate  climate 
of  England  (January,  average  temperature  32°  to  44°  F.),  they  average 

•  Parkes,  *  Practical  Hygiene ' ;  Hooper,  *  Physicians*  Vade  Mecum/  &c. 

t  Parkei,  ibid, 

X  Mr.  T  H.  Knott,  Assistant-Surgeon. 


620         Dr.  Battrty  on  the  effseti  ofCkmg^  ^  CfiMtit     |7iiiie  16, 

15*4  in  tlie  West  Indies  winter  leawm  (tempentme  7lPto  83?,  ihade)  $ 

while,  again,  the  sick-bay  man's  were  17*3  in  ThglaiMl  ima^  winter,  and 

16  in  the  West  Indies,  my  own  were  17*5  in  England,  and  16*2  in  the 

West  Indies.    The  same  may  be  notieed  inan  artificisi  dimato  of  a  ttsatad 

room  in  England.    Thn^,  while  my  respirationB  ont  of  doors  in  Atenpera- 

tare  of  30^  F.  were  1 7*5  per  minnte,  they  rose  to  15*8  abortfy  aftatwaids 

by  simply  standing  before  a  fire  in  a  temperatore  of  57^  F« 

From  these  data  we  find  that  the  increased  qoantity  of  dlr  and  aijfg^ 

inspired  in  the  tropics  does  not  make  np  finr  (lie  dindmahed  ramAtmr  of 

respirations  in  supplying  the  same  amount  of  air  and  oj^gen  ftr  Uood* 

purification  as  in  cold  climates,  though  doubtless  a  reqvisito  qnantilj  is 

inspired,  less  probably  being  needed  there,  as  wiU  presently  appear,  to 

carry  on  the  vital  processes.    Thus,  taking  the  a?erage  number  of  leqd- 

rations  in  the  temperate  climate  of  England  at  17  (Tdde  Y.),  and  tlie 

quantity  of  air  inspired  each  breath  at  15  cubic  inches,  this  woold  give 

255  cubic  inches  per  minute.  Now  if  the  ehest  (Table  I.)  gaina  in  eapadlj 

by  an  ayerage  of  31  cubic  inches  (h12*24  per  cmt.)  in  the  tropies^  tlie 

gain  on  each  ordinary  respiration  would  be  1*836  cubic  indi,  thua  nisiif 

the  quantity  inspired  eadi  breath  to  16*836  cubic  inches.    The  avenige 

number  of  respirations  being  taken  at  14,  this  would  give  235*7M  odUb 

inches  per  minute,  t.  e.  less  by  19  cubic  inches  (8  per  cent.)  than  in  tern* 

pcrate  climates ;  equal  to  1157*760  cubic  inches  per  hour,  or  27786*24 

cubic  inches  per  day.    Thus — 

Cubic  inches  Number  Cubic  inches 

in  each  of  re^i*  respired  per 

inspiration.  rations.  minute. 

England 15  X     17     =  255 

Tropics    ....     16-836     x      14     =     235704 
Difference  in  favour  of  a  temperate  climate  19*296 cub.in.(=7*567p.c.) 

This  decrease  of  7*567  per  cent,  in  the  quantity  of  air  respired  daily 
diminishes  the  quantity  of  carbon  which  the  lungs  in  ordinary  circumstances 
can  throw  off  in  the  tropics  by  0*7567  oz.,  or  rather  more  than  |  oz. ;  10 
ozs.  being  taken  as  the  average  amount  thrown  off  in  temperate  climates^, 
will  give  9'243  oz.  as  the  amount  for  the  tropics.  But  as  tropic  air  con- 
tains less  oxygen  for  a  given  bulk  than  air  of  colder  latitudes,  according  to 
Dalton  and  Gay  Lussac's  law  of.  expansion  of  gases  by  heat,  the  decarbo- 
nizing capabilites  of  the  lungs  in  tropical  latitudes  will  evidently  be  still 
further  curtailed,  and  the  amount  of  carbon  they  can  throw  off  con- 
siderably decreased.  Air  increases  by  -^^  its  volume  for  every  Fahrenheit 
degree  of  heat ;  and  the  difference  between  the  temperatures  in  which  these 
experiments  were  carried  on  being  18°  F.  (65®  and  83°  F.),  if  we  reduce 
the  amount  inspired  in  the  tropics  by  a  -^  part,  this  will  give  its  equiva- 
lent bulk  in  the  temperate  zone*    Thus,— < 

*  Hooper,  <  Fhyrioians'  Yade  Meoum.'    Mean  of  three  estimatM  by  Lavoisier  and 
Seguin,  Davy,  and  Allen  and  Fopys. 
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235704      ^235704^227-1846  cubic  inches, 


0+TiT>Xl8)      1-0375 

whicli  is  equal  to  a  decrease  of  8*5194  cubic  inches  or  3*614  per  cent. ; 
then  225—227*1846  cubic  inches  gives  27*8154  cubic  inches  per  minute, 
or  1668*924  cubic  inches  per  hour,  or  40054*176  cubic  inches  per  daja 
10*907  per  cent,  as  the  grand  total  difference  in  favour  of  a  temperate 
climate,  ader  deducting  the  real  decrease  in  volume,  and  correcting  for  ex- 
pansion by  heat.  By  again  reducing  the  9*243  oz.  of  carbon  by  3-614 
per  cent.,  or  0*33409  oz.,  we  get  8*909  oz.  as  the  total  amount  which  the 
lungs  throw  off  in  the  tropics,  the  difference  between  the  tropical  and 
extra-tropical  quantities  being  1*1028  oz.  This  result  in  the  human 
species  accords  with  Vierordt's  observation  on  the  lower  animals,  viz. 
that  less  carbonic  acid  and  presumably  less  water  are  eliminated  when 
they  are  subjected  to  heat*.  This,  then,  is  probably  the  rule,  but  in  ex- 
ceptional cases,  from  idiosyncrasy,  accelerated  or  forced  respiration  may 
make  the  quantity  of  carbon  which  the  lungs  can  exhale  in  temperate  and 
tropical  regions  more  nearly  alike. 

Thus  the  relative  proportions  of  carbon  thrown  off  by  the  several  depu- 
rating organs  in  the  tropics  differs  from  those  of  temperate  latitudes. 
Hooper t  gives  the  latter  as : — ^lungs  10j|  oz.,  skin  |  oz.,  feeces  |  oz.,  urine 
i  OS.,  total  1 1|  oz. ;  we  have  found  that  in  the  tropics  the  amount  eliminated 
by  the  lungs  is  reduced  by  1 1  oz.  Under  judicious  hygienic,  and  especially 
dietetic  management,  that  for  the  skin,  liver,  and  urine  may  not  be 
materially  altered  from  these  figures ;  but  otherwise  it  is  probably  on  the 
skin  that  the  greatest  share  of  its  burden  is  thrown.  We  may  presume 
that  the  liver-work  and  bile  are  increased,  though  perhaps  only  slightly, 
in  the  tropics,  although  this  has  not  yet  been  actually  proved.  The 
kidneys  may  assist  to  a  greater  extent ;  for  though  the  urine  is  diminished 
in  quantity  in  the  tropics,  the  relative  amount  of  solids  is  not  correspond- 
ingly altered.  Much  of  the  latter  may  be  carbon ;  for  though  the  urea 
eliminated  by  the  kidneys  in  the  tropics  is  diminished}:,  the  quantity  of 
nric  acid,  which  contains  thrice  the  amount  of  carbon,  has  not  yet  been 
ascertained. 

The  mutual  bearing  of  these  two  closely  related  but  very  opposite  re- 
sults, viz.  an  increase  in  the  capacity  of  the  chest  for  air  in  the  tropics, 
with  a  decrease  in  the  number  of  the  respirations,  is  an  interesting  if  not 
important  study.  Hasty  inference  might  lead  us  to  attempt  to  explain  the 
former  by  a  greater  volume  of  the  rarefied  and  moisture-laden  air  of  the 
tropics  being  required  to  supply  the  system  with  the  requisite  quantity  of 
oxygen.    But  there  are  several  objections  to  this  theory,  e,  g,  % — 

1.  Nature  might  do  this  in  health  as  she  often  does  in  disease,  such  as 
phthisis,  pneumonia,  &c.>  by  increasing  the  frequency  of  the  respirations, 

*  Parkes,  'Practical  Hygiene/  2nd  edit. 

t  Physicians'  Yade  Mecum. 

X  Parkes,  <  Practical  Hygiene/  2nd  edit.  p.  448* 
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whereas  here  they  are  diminished  in  number.  To  increaae  the  one  and 
diminish  the  other,  the  first  implying  augmented,  and  the  Becond  decreased 
energy  in  the  respiratory  musclesy  implies  an  anomaly  which  it  la  nil- 
necessary  to  accept  when  the  phenomena  can  be  otherwise  and  better 
explained. 

2.  External  measurement,  moreover,  shows  that  there  b  actual  increase 
in  the  capacity  of  the  chest  from  its  expansion  by  increased  action  by  its 
inspiratory  muscles.  Thus  in  three  adults  in  which  the  chest  was  mea- 
sured by  the  spirometer  and  tape  in  the  winter  of  England  (average  tem- 
perature 30^-32°  F.),  and  again  at  Lisbon  (average  temperature  60^  F.), 
though  in  all  three  there  was  a  decided  increase  in  the  capacity  of  the 
lungs  for  air  to  an  average  of  1 1  cubic  inches,  there  was  no  perceptible 
increase  in  the  circumference  of  the  chest.  In  one  case  the  latter  had 
apparently  decreased  by  one  inch,  as  if  from  loss  of  muscular  tone. 

3.  It  is  more  than  doubtful  if  the  system  actually  requires  an  increased 
quantity  of  air  or  as  much  oxygen  to  carry  on  the  vital  processes  in  the 
tropics  as  in  cold  climates,  and  the  above-mentioned  data  prove  that  it 
actually  gets  less  of  both.  Less  oxygen  is  required  in  the  high  tempera- 
tures of  low  latitudes,  because  the  tissues  generally  decay  less  rapidly^. 
Owing  to  diminished  mental  and  bodily  exertion  of  the  two  which  make  up 
the  bulk  of  the  body,  viz.  the  muscular  and  nervous,  less  is  required  for 
the  metamorphosis  of  waste  particles.  Where  a  diminished  necessity  and 
desire  for  food  lessen  the  ingests,  and  judicious  selection  reduces  the 
amount  of  carbon  this  contains,  less  oxygen  is  required  for  direct  combinap 
tion  with  the  elements  of  the  food  to  generate  heat.  Moreover  it  is  certain 
that  the  increased  absorption  of  oxygen  by  the  functionally  excited  skin  in 
the  tropics,  where  it  acts  vicariously  for  the  lungs  as  a  respiratory  organ, 
lessens  materially  the  amount  required  by  the  lungs.  Furthermore,  the 
skin  is  aided  in  relieving  the  lungs  in  the  decarbonizing  process  by  the 
functionally  excited  liver  and  perhaps  kidneys,  which  throw  off  the  carbon 
in  forms  which  do  not  require  much  *  oxygen  for  their  formation,  vis.  as 
bile  and  uric  acid. 

The  true  explanation  appears  to  be  that  there  is  really  no  actual  in- 
crease in  the  capacity  or  size  of  the  chest  and  enclosed  lungs,  but  only  an 
alteration  in  the  relative  proportion  of  blood  and  air  contained  in  the  latterf* 

♦Carpenter  and  others  doubt  this,  and  believe  that  they  decay  more  rapidly;  in 
other  wortU,  that  when  used  there  is  a  greater  waste  for  the  Bamoamoont  of  work. 
The  sum  total  of  this,  howeyer,  for  all  the  tissues  will  probably  not  be  greater  than  the 
reduction  due  to  the  diminished  amount  of  work  which  the  principal  tiBsuei  have  to 
perform. 

t  With  regard  to  the  observation  that  the  increased  capacity  for  air  in  the  ^esi  is 
"  only  an  alteration  in  the  relative  proportion  of  blood  and  air  in  the  lungs,'*  there 
must  be  a  reservation  made  in  favour  of  a  statement  (though  it  still,  perhaps,  has  to 
be  provod)  tliat  tlie  bases  of  the  lungs  have  a  reserved  capacity  for  air,  any  enlai^ge- 
ment  of  which  would,  of  course,  have  to  be  measured,  not  by  expansion  of  the  costal 
walls,  but  by  protuberanoe  of  the  abdomeni  through  encroachment  on  its  cavity  by 
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l%e  bdlk  of  the  Inngt  remaining  the  same  in  the  tropics  as  in  colder  lati- 
tudeSy  or  being  even  somewhat  diminished  from  their  comparative  abeyance 
as  excreting  and  heat-generating  organs,  the  blood,  diverted  to  the  func- 
tionally excited  and  congested  skin  and  liver,  permits  the  ingress  of  a 
larger  quantity  of  air  into  the  pulmonary  air-cells  and  tubes ;  whereas  in 
colder  latitudes  this  is  reversed,  the  lungs  being  more  and  the  skin  and 
liver  less  active;  the  blood  drawn  from  the  latter  to  the  former  dimi- 
nishes the  calibre  of  the  air-vesicles  and  bronchi,  lessening  the  quantity 
of  contained  air,  as  happens  to  a  still  greater  extent  in  some  lung-diseases, 
i.ff,  bronchitis,  pneumonia,  pulmonary  congestion*,  and  phthisis,  tu- 
bercle and  not  blood  being  in  the  latter  the  displacing  agent.  Briefly,  the 
longs  (identical  in  size  in  both)  contain  less  blood  and  more  air  in  tropical 
than  in  temperate  climates.  The  truth  of  the  above  explanation  appears  ta 
be  confirmed  by  facts  noticeable  in  Table  I.,  viz.  that  it  is  in  thoroughly 
warm  tropical  regions,  where  the  skin  acts  roost  freely  and  the  sensible 
perspiration  is  most  abundant,  that  the  greatest  difference  is  observable  in 
the  capacity  of  the  lungs  for  air.  Thus  the  difference  between  the  capacity 
near  the  equator  (temp.  83^  F.)  and  September  in  England  (temp.  65°  F.) 
was  26  cubic  inches ;  while  between  the  latter  and  the  winter  of  England 
(February,  temp.  42°  F.),  when  the  functions  of  the  skin  were  much  more 
HI  abeyance,  was  no  more  than  six  cubic  inches.  And  it  corresponds  with 
what  J)t.  Francis  (Bengal  Army)  f  has  observed,  viz.  that  the  lungs  are 
lighter  afler  death  in  Europeans  in  India  than  the  European  standard* 
Parkcs  has  made  the  same  observation,  and  remarks  that  it  shows  appa* 
raitly  a  diviimshed  respiratory  /unction. 

'  A  knowledge  of  this  law,  in  addition  to  its  diagnostic  value,  is  evidently 
of  considerable  therapeutic  importance  as  furnishing  a  guide  to  the  rational 
treatment  of  many,  and  especially  congestive  or  inflammatory  diseases  of 
the  lungs.  By  its  facts  the  true  rationale  of  the  benefit  derived  in  the 
earlier  stages  of  phthisis,  or  where  it  is  merely  imminent  from  a  sojourn 
in*  a  subtropical  climate,  is  of  easy  explanation.  Residence  in  a  warm 
atmosphere  is  followed  by  a  decrease  in  the  quantity  of  blood  in  the  affected 
kings,  by  diminished  activity  in  the  vital  processes  carried  on  therein,  by 
ikciiitated  respiration,  and,  above  all,  by  diminished  lung-work  from  vica* 
rious  action  of  the  physiologicfdly  excited  skin  and  liver ;  while  the  in- 
halation of  milder,  more  equable,  and  less  irritant  air  diminishes  the 
chances  of  excitement  or  increase  of  distressing  local  inflammation  and 
■■     ■      I ■  ■  .  ■  ■»  ■  ■  I  .  .  I...    ■       I 

descent  of  the  diaphragm  ;  and  the  exceptional  case  above  related  of  diminution  of  the 
oodtol  circumference  may  possibly  bo  explained  bj  the  dia])liragm  counteracting  the 
other  respiratory  muscles,  whilnt  unusually  contracting  in  answer  to  the  room  required 
hy  this  rescnred  power  of  the  bases  of  the  lungs  being  called  into  action. 

♦  See  an  admirable  letter  on  "  Swimmer's  Cramp  "  in  the  '  Lancet '  for  October  9» 
1860,  p.  531,  by  my  friend  Mr.  Henry  Hales  of  Reigate,  who  first  suggested  to  me  a 
■atiafactory  explanation  of  the  aboTO  phenomena. 

t  Parkes,  *  Practical  Hygiene,*  2nd  edit.  p.  463. 
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those  bronchial  attacks  so  apt  to  break  up  old  and  cause  the  depondon  of 
new  tubercle.  Might  we  not  wisely  imitate  this  oftener  than  we  now  do 
in  practice  7  The  increased  pneumatic  capacity  of  the  diest  indicates  a 
decrease  in  the  quantity  or  bulk  of  blood  in  the  lungs  equiralent  to  the 
increase  in  the  quantity  of  air*  If,  for  example,  the  latter  is  increased  by 
30  cubic  inches,  this  implies  a  permanent  withdrawal  of  16*62  canoes  of 
blood  from  the  lungs  to  the  skin  and  liver.  Now  if  we  can  imitate  Natore'a 
operations,  and,  by  increasing  the  temperature  of  a  sick-room  or  ward  in 
this  the  temperate  climate  of  England,  can  convert  it  into  a  local  subtro- 
pical or  tropical  climate,  we  withdraw  no  inconsiderable  amount  of  blood 
from  the  lungs  to  the  skin  and  liver,  thus  relieving  its  overburdened  capiU 
laries,  permitting  freer  access  of  air,  and  so  aiding  the  respiratory  process 
— a  safe  and  sure  mode  both  of  relieving  dyspnoea  and  cough,  and  aiding 
the  vis  tnedicatrix* 

In  tropical  hygiene  the  law  appears  equally  suggestive.  Is  not  the  de* 
crease  in  the  quantity  of  carbon  which  the  lungs  can  throw  off,  by  1-j^  oz^ 
an  indication  of  the  necessity  for  regulating  the  diet  both  as  to  quantity 
and  kmd,  and  especially  of  making  it  less  carbonaceous  t  When  this  is 
attended  to,  and  for  other  reasons  already  alluded  to,  the  quantify  of 
oxygen  taken  in  by  the  lungs  is  sufficient  to  enable  them  to  throw  off  thdr 
allotted  portion  of  carbon.  Even  when  the  diet  is  unaltered,  the  function* 
ally  excited  and  vicariouiAy  acting  skin,  liver,  and  perhaps  kidneys  may 
be  able  to  eliminate  surplus  carbon  up  to  the  above-mentioned  amount^ 
and  perhaps  a  little  beyond  it.  But  this  doubtless  has  a  certain  and  pro* 
bably  individually  varying  limit ;  and  from  a  prolonged  and  excessive 
ingestion  of  highly  carbonaceous  food  in  (he  tropics,  all  three  organs  are 
apt  to  suffer  from  overwork,  as  may  also  the  lungs  in  endeavouring  to  aid 
them  by  accelerated  and  perhaps  forced  respirations.  The  importance  of 
keeping  the  lungs,  the  great  carbon-eliminator  in  all  climates,  and  the  skin, 
one  of  the  chief  in  the  tropics,  in  a  state  of  the  most  perfect  functional 
activity  possible,  especially  in  the  tropics,  will  be  equally  apparent,  as 
will  also,  in  disease  of  any  one  of  them,  the  indication  with  r^ard  to  the 
rest ;  and,  considering  the  great  importance  of  the  skin  in  acting  vicari- 
ously for  the  lungs  as  an  eliminator  both  of  carbonic  acid  and  water,  the 
necessity  for  constantly  keeping  it  in  healthy  action  during  disease  of  the 
latter  organs,  especially  phthisis,  will  appear  imperative.  -^ 

The  following  Table  will  show  the  relation  of  the  frequency  of  the  respi- 
rations to  the  period  of  the  day  in  the  tropics. 
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Table  VI. — ^To  contrast  the  number  of  respirations  per  minute  (momingy 
afternoon,  and  eyening)  in  tropical  and  extra-tropical  latitudes. 


ICorning  (9  LM.) < 

Afternoon  (3  p.m.)    ' 

Sfening  (9  pjc.)  • 


Ayenges 


Bstra-tropical,  between 

lat  50°  and  26<>  N. ;  ayer- 

age  of  26  days. 


Number  per  minute. 
North...  14191  10.00 
South  ...  13-8  /•••^'^^ 
North...  16-34 
South  ...  14-75 
North  ...  16-30 
South  ...  15-06 


-...15-74 
. ...  15-68 


15-07 


Tropical,  between  lat  32^  N. 

and  13°  S. ;  ayerage  of 

53daj8. 


Number  per  minute. 
13-15 

13-65 

14-18 


13-66 


Here  two  facts  are  apparent, — first,  that  the  number  of  respirations 
(mornings  afternoon,  and  eyening)  are  all  less  than  in  temperate  regions ; 
and,  second,  what  is  more  specially  designed  to  proye,  yiz.  that  in  tropical 
as  in  temperate  latitudes  the  respiration  is  least  frequent  in  the  morning, 
and  gradually  increases  as  the  day  adyances.  Thus  at  9  a.m.  it  was  13*  15, 
at  3  P.M.  13*65,  and  at  9  p.m.  14*18.  The  Table  further  appears  to 
indicate  that  the  difference  between  the  number  of  morning  and  eyening 
respirations  is  not  so  great  in  the  tropics  as  in  colder  latitudes.  In  the 
former  the  lungs  play  a  less  actiye  part  as  a  heat-generator  and  eliminator 
of  carbonic  acid  and  water.  Hence  the  respiration  is  calmer  and  more 
equable.  Thus  in  the  tropics  there  is  only  one  respiration  and  a  fraction 
more  in  the  eyening ;  while  in  the  temperate  zone  there  is  1 1  nearly. 
Had  the  season  been  winter  instead  of  summer,  and  the  weather  colder, 
the  difference  would  haye  been  greater. 


II.  The  Influence  of  Tropical  Climates  on  the  Pulse. 

lake  the  preyiously  detailed  experiments  on  the  respiration,  the  present 
were  made  during  a  yoyage  from  England  (lat.  51^  N.)  to  Bahia  (lat. 
1 1^  S.)  and  back,  t.  e.  across  the  equator,  and  extend  oyer  60  days  (53  in 
the  tropics,  and  7  in  the  latitude  of  England),  during  which  the  thermo- 
meter ranged  from  57^  to  84°  F.  (27°  F.).  The  obseryations  were  taken 
thrice  a  day  in  the  standing  posture.  Table  VII.  shows  that,  as  in  tempe- 
rate latitudes*,  the  highest  pulse  of  the  day  in  the  tropics  occurs  (though 
by  no  means  inyariably)  in  the  morning. 


Table  VII. 


Highest  pulse  of  the  day 
tropics  during  53  days 


in  the  J 

.  •  • .  I 


9  A.M.  20  days 

O  P.M.  1.7     ,, 

9  P.M.  14    f. 


*  Dr*  Guy,  Guy's  Hospital  Beports,  yoL  iii» 
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The  following  Table  shows^  first,  that  the  vntfffi  polae  for  tli^  tnipicf . 
(87^)  is  lower  by  2^  beats  than  that  for  the  temperate  Mne  (90),  bdicating 
a  more  languid  drculation ;  second,  that  the  same  holda*  good  finr  the 
average  morning  and  evening  pulse  i  third,  that  the  aivofago  aftomooB 
pulse  is  higher  in  the  tropics  than  in  temperate  latitudes,  probably  from 
solar  beat,  greatest  at  that  period  of  the  day ;  fourth,  that  the  higfaeat  and 
lowest  pulse  of  the  period  occurs  in  the  morning ;  fifth,  that  the  monung 
pulse  has  the  greatest,  and  the  erening  the  lowest  range. 

Table  VIII. — ^To  contrast  the  tropical  and  temperate  pulse  &e. 


Number  of 
obseirations. 

O^opifls. 

Tinipei«to 
aoiieaTenige. 

IiowmU 

Hi^Mrt. 

lUiigi. 

▲imge. 

9  A.M 

53 
63 
40 

66 
68 
73 

112 
108 
110 

46 
42 
37 

86*4 
88-8 
87-3 

• 

91-7 
88-1 
90-6 

.Sp.m 

9p.m 

Averages 

87-6 

90-1 

The  reduction  of  the  pulse  in  the  tropics  is  doubtkit  related  to  the 
diminished  respiratory  function ;  and  further  obserration  may  prare  what 
the  latter  fact  suggests,  viz.  that  the  pulse  is  diminished  not  only  in  fre- 
quency but  in  force*.  The  rise  in  the  pulse  towards  afternoon  and  its 
subsequent  fall  are  doubtless  physiologically  connected  with  a  correspond* 
ing  rise  and  fall  in  the  temperature  of  the  body  at  the  same  periods 
(Table  IX.).  The  relation,  however,  does  not  extend  to  the  volume  or 
number  of  the  respirations,  the  former  being  nearly  alike  during  these 
three  periods  of  the  day,  and  the  latter  greatest  towards  night.  As  these 
observations,  however,  on  the  most  excitable  of  all  organs,  the  pulse,  were 
made  on  one  individual  only,  and  at  sea,  where  motion  of  the  ship,  weather, 
&c.  render  it  impossible  to  ensure  day  by  day  the  identical  conditions 
necessary  to  give  completely  satisfactory  results,  their  confirmation  is 
necessary. 

III.   The  Influence  of  Tropical  Climates  on  the  Temperature  of  the  Body. 

In  this  inquiry,  so  intimately  connected  with  the  two  previous  ones,  lii. 
the  respiration  and  circulation,  the  facts  were  ascertained  by  placing  an 
ordinary  Fahrenheit  thermometer  under  the  tongue  thrice  a  day,  during 
the  same  voyage  as  last,  the  temperature  of  the  air  in  the  shade  on  the 
verge  of  the  tropics  being  72°  F.,.at  the  equator  84°  P.,  and  the  average 
of  the  tropics  generally  76*9 ;  and  the  atmospheric  humidity  represented 
by  a  difference  between  the  wet  and  dry  bulbs  of  a  Mason's  hygrometer  of 
0°  to  7i°,  the  average  being  3°-8  F. 

*  Parkw  (•  Practical  Ily^ne')  avers  that  the  pulae  ib  quicker  in  the  tropica,  though 
perhaps  not  so  full.  In  animals  moderate  heat  does  not»  but  great  heat  doea  quicken 
the  pulse.    The  hittcTi  however,  is  evidentlj  an  unnatural  tepipeittture. 
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The  following  Table  oontrasts  the  average  beat  of  the  body  in  the 
tropica  and  in  temperate  climates.  Thna,  while  i^  England  dimng  a 
summer  and  almost  subtropical  temperature  ranging  from  60^  to  70^  F., 
the  average  temperature  of  the  body  was  98°-3  F,  it  rose  in  the  tropics 
to  98^*6,  and  in  the  equatorial  doldrums  to  99^  F.  The  difference  would 
have  been  greater  had  the  season  in  England  been  winter*  or  the  latitude 
higher.  From  column  3  it  appears  that  the  temperature  of  the  body  in 
the  tropics  is  greatest  during  the  aflemoon,  when  the  sun  is  high  and  the 
body  most  actiye,  and  least  in  the  morning — an  interesting  fact  in  connexion 
with  the  pulsCj  likewise  highest  and  lowest  then. 

Table  IX. — To  contrast  the  bodily  temperature  in  tropical  and  extra* 

tropical  latitudes. 


Temperate  climate 

(near  England), 
June,  temp.  65®  F., 
average  ot  10  days. 

Tropics  generally, 
ayerage  of  51  days, 

Equator, 

temp.  84<>  F., 

aTonge  of  7  days. 

9  a.m. 

981 
98-3 
98-5 

98-51 
99 

98-47 

98-5 
99-5 
991 

• 

3r.x 

9p.M 

1       Ayenga  

98-3 

98-66 

99*02 

While  observation  thus  showed  that  the  average  temperature  of  the 
body  about  the  latitude  of  England  is  98^*3  F.,  the  following  Table  shows 
that  it  rises  in  the  tropics  to  98^99-99^,  and  occasionally  even  to  100°  F. 
This  iact  is  interesting,  if  not  important,  in  connexion  with  tomperaturea 
in  disease ;  and  the  mutual  relation  of  the  two  is  worth  study. 


Table  X. — ^To  show  the  temperature  of  the  body  in  the  tropics,  and  its 

relation  to  period  of  the  day. 


Average 

temp,  of  air 

(snade). 

Nnmber 
of  obeer- 
yations. 

Temp. 
98»F. 

Temp. 
98J*'F. 

Temp. 
99'*  F. 

Temp. 
99*^  F. 

Temp. 
100*>F. 

9a.m 

9851 

99 

98-47 

51 
51 
51 

22 
6; 

8 

11 

5 

23 

11 
18 
15 

7 

17 

5 

0 
5 
0 

O    P.H.'      ....a,... 

9p.m:  

Arerages  and  1 
totalB / 

98 

153 

36 

39 

44 

29 

5 

Table  X.  further  shows  the  great  preponderance  of  the  lower  tempera- 
tures, especially  the  lowest  (98°  F.),  during  the  mornings,  of  the  higher 
during  aflemoon,  and  of  the  medium  ones  (98^°  and  99°  F.)  during 
the  evening.    The  heat  of  the  body  (and  the  blood  7)  thus  rises  in  the 
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tropics  with  the  temperature  of  the  air,  and  probably  the  aetmty  of  the 
body  and  brain»  both  greatest  m  the  afternoon,  and  again  deereaae  with 
these  towards  evening.  The  highest  temperature  (100^  ooeoired  at  3  p.M.f 
the  most  oppressive  part  of  the  daj  in  Qie  equatorial  calma,  where  the  ^ 
was  most  stagnant,  humid,  and  hot  (81^  to  84^  F.),  with  no  breeie  to  ood, 
by  carrying  off  the  surface  heat,  and  facilitating  eraporation.  Their  aource 
could  not  be  dietetic,  as  little  food  was  taken  between  8  a  jc.  and  6  p.m., 
and  there  was  no  rise  after  the  latter  hour.  For  the  same  reason  it  could 
not  be  the  result  of  local  muscuhur  activity.  The  totals  show  that  99^  was 
the  most  frequent  temperature,  and  next  to  it  98^^,  while  99^^  and  100^ 
form  no  less  than  22  per  cent,  of  the  whole.  Is  not  the  blood  itself  likewiie 
somewhat  warmer  in  tropical  than  in  extra-tropical  latitudes  f  The  range  of 
the  temperature  of  the  body  in  health  is  thus  about  2?  F.  John  Davy 
gives  it  as  from  '5  to  1^  F.*  ;  Eydaux  and  Brown  Sequard  at  firom  1^  to 
to  2i°  and  3^  F.  The  super-oceanic  atmosphere  in  which  the  present 
observations  were  made,  is  never  so  highly  saturated  as  to  completely  stop 
evaporation  from  the  cutaneous  surface,  otherwise  the  temperature  of  the 
latter  would  rise  much  higher.  Blagden  and  Fordyce  bore  a  temperature 
of  260°  in  the  dry  air  of  a  heated  oven,  the  temperature  of  their  skin 
rising  2^°  F.  only ;  but  when  the  air  of  the  heated  oven  is  so  moist  as  to 
hinder  evaporation,  the  temperature  of  the  body  rises  rapidly ;  Ludwig 
says  as  much  as  7°  or  8°  F.,  and  Obemier  confirms  this  f.  Observations 
on  this  point  are  still  wanted  with  regard  to  continental,  littoral,  and 
insular  equatorial  climates,  both  dry  and  humid. 

The  following  Table,  which  shows  the  relation  of  the  temperature  of  the 
body  to  that  of  the  external  air  in  the  shade,  indicates  a  gradual  though 
trivial  increase  in  the  temperature  of  the  former  with  that  of  the  tempera 
ture  of  the  latter,  proving  that  the  one  is  slightly  influenced  by  the  other. 
Thus  at  first  it  was  98°  F.;  then  98-3,  98-6,  98-63,  98*8,  99*08  succes- 
sively, as  the  temperature  of  the  air  rose  from  57®  F.  to  84°  F.,  the  ave- 
rage for  the  warmest  part  of  the  temperate  zone  being  98*3,  and  for  the 
tropics  somewhat  more,  viz.  98*836.  The  Table  further  shows  that  98**  F. 
is  the  prevalent  temperature  of  the  body  in  the  temperate  zone,  as  it  oc- 
curred in  24  out  of  37  markings ;  while  in  the  tropics  99°  F.  is  the  most 
frequent,  and  98  J°  and  99^°  nearly  as  frequent.  These  results  correspond 
closely  with  those  of  Dr.  Davy  J. 

*  ParkM,  '  Practical  Hygiene.*  t  Ibid. 

t  As  quoted  by  Carpenter  (*  Fhyeiology '). 
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Table  XI. — ^To  ahoir  the  relatioti  of  temperature  of  the  body  to  that  of 
the  au  ia  the  ahade,  especiaUy  in  the  tropics. 


Temperate  Zono. 

Temperature  of  aii 

between 

5r'&60°'flff'465-'.  05=470'. 


Tropica. 

Temperature  of  air 

between 

70°A75°.  75''i80°.  8ff'i84' 


B*oge. 

Total  ftrengee 


10& 


IToiaber  of  msrldage 

of  tomperature  of    98J' 
body,  taken  thr 
8dsj,TU.atOi. 


Total 


UofortoDately  the  statistics  were  not  sufficiently  numerous  to  draw  satis- 
factory deductions  as  to  the  effect  of  humidity  on  the  temperature  of  the 
body  in  mid-ocean  in  the  tropics,  where  the  amount  of  moisture  is  usually 
considerable.  This  would  be  iateiestiug,  as  would  others  regarding  tro- 
pical terrestrial  climates,  in  some  of  which  the  hygrometric  range  is  some- 
times smaller,  though  In  the  majority  greater. 


v.  "Observations  on  the  Mode  of  Growth  of  Discoid  find  Turbi- 
nated Shells,"     By  Alexander  Macalisteb,  Professor  of  Zoo- 
logy,  University  of  Dublin.     Communicated  by  the  Rev.  S, 
Haitghton,  F.R.S.     Received  May  4,  1870. 
A  most  uitereating  paper  on  the  geometrical  forms  of  turbinated  and 
discoid  shells  was  published  by  the  Rer.  Canon  Moseley  in  the  Fhiloso. 
phicttl  Transactions  for  1638,  p.  351,  in  which  some  important  points 
were  noticed  regarding  the  geometrical  construction  of  shell-forms.    The 
author  of  that  paper  describes  discoid  sbells  as  generated  by  the  revolution 
around  a  central  point  of  the  perimeter  of  a  geometricnl  figure,  which 
latter,  although  regularly  increasing  in  rize,  yet  remains  always  geometri- 
cally similar  in  form.     The  producing  figure  in  many  Gasteropodous  Mol- 
lusks  is  represented  by  the  operculum,  and  in  all  it  may  be  recognized  by 
malting  a  vertical  section  in  the  plane  of  the  radius  vector,     A  turbinated 
shell  is  similarly  generated,  but  the  generating  figure  in  the  production  of 
the  helix  slips  down  along  the  axis  instead  of  revolving  in  a  constant 
plane.     The  Rev.  Mr.  Moseley  gives,  as  illustrations  of  these  points,  men- 
surementa  of  Nautilus  pompiliut,  Turbo  pAatianus,  Turbo  duplicaiut,  and 
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Buednum  Mubuiatumt  and  describes  many  interesting  partienlan  r^arding 
the  formation  and  growth  of  the  operculum  in  different  shdls. 

This  subject  does  not  seem  to  have  attracted  much  attention  from  nato* 
ralists,  as,  with  the  exception  of  a  notice  ia  Professor  Goodsir's  lecture 
''  On  the  Use  of  Mathematical  Modes  of  Investigating  Organic  Forms"*, 
it  is  not,  to  my  knowledge,  referred  to  by  any  writer  on  zoology. 

While  engaged  in  arranging  the  large  collection  of  shells  in  the  Moseom 
of  the  University  of  Dublin,  I  was  led  to  make  measurements  of  univalve 
shells  in  order  to  see  whether  any  deduction  of  zoological  importance  might 
be  drawn  from  these  valuable  geometrical  observations,  and  more  especially 
to  determine  whether  it  might  be  possible  to  arrive  at  constant  specific 
numerical  parameters  in  these  cases ;  and  in  all  instances  I  have  been  sur- 
prised by  finding  that,  in  well-formed  shells,  the  ratios  of  the  successive 
whorls  have  been  specifically  constant.  In  making  these  measurements,  the 
points  to  be  determined  are  three,  viz. : — 1st,  the  ratio  of  elongation  of  the 
radius  vector  of  the  spiral  (k) ;  2nd,  the  degree  of  linear  expansion  of  the 
generating  figure  in  the  successive  whorls  (m);  and  3rd,  the  degne  of 
translation  or  slipping  of  the  spiral  on  the  central  axis  (it).  The  second 
of  these  we  may  call  the  discoidal  coefficient,  and  the  third  the  helicoidal 
coefficient. 

On  applying  these  measurements  to  umralve  shells,  we  find^that  the 
possible  combinations  are  five  in  numbet : — 

Ist,  those  in  which  nt^O  and  m<:^, 
2nd,  those  in  which  H^O  and  tn^k, 
drd,  those  in  which  nssm, 
4  th,  those  in  which  n>>i7i, 
5th,  those  in  which  n^.m. 

The  cases  of  discoid  shells  in  which  nsQ  are  two,  the  first  and  second 
on  the  list.  The  first  and  most  uncommon  is  that  in  which  the  amount  of 
elongation  of  the  radius  vector  in  the  formation  of  the  successive  whorls 
exceeds  the  transverse  linear  increase  of  the  producing  figure.  The  result- 
ing form  of  this  case  (which  may  be  formulated  thus,  A  >*  m)  is  an  open 
spiral,  as  in  the  fossil  Gasteropodous  genus  Eccyliomphalus,  or  the  Cepha- 
lopodous  genera  Gi/roceras,  Nautiloceras,  and  Spirula.  The  common 
species  of  this  last  genus  gives  the  following  measurements : — 

Sjnrula  prototypus,  jw=2*6,  ^=3'3,  «=0.     Generating  figure,  a  circle. 

Average  width  of  whorls  0*075  in.,  0*2  in.f 
It  will  be  noted  that  all  these  spirals  are  true  logarithmic  curves ;  and 

*  Goodsir's  '  Anatomical  Memoirs/  toI.  ii.  p.  209. 

t  In  all  the  specimens  measured  and  referred  to  in  this  paper  I  ha?e  made  at  least 
three  measurements  of  each  individual,  and  in  the  majority  of  cases  I  have  measured 
at  least  six  spedraens  of  each  species.  These  measurements  are  in  decimal  parts  of  an 
English  inch,  and  were  made  with  a  finely  pointed  pair  of  compasses  and  a  diagonal  scale, 
the  eye  being  in  some  cases  aided  by  a  magnifying-glass.  Some  spedmeas  were  mea- 
sured by  means  of  sections  made  in  a  plane  perpendicoUr  to  the  axia. 
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Imdm  tbt  tridthi  of  the  whorlt  mMfured  on  th«  ndioi  Tietor  wiQ  form  a 
MtiM  of  irambon  in  gMimetrical  progreuion,  the  common  ratio  of  the  pro- 
gt^Aaa  bdni^  in  diutnd  ihelli  of  the  lecond  group  where  m^k,  equal  to 
the  coefflsiant  of  linear  increaae  of  the  generating  figure.  To  Terify  the 
eoeffiofanU  deduced  from  the  numben  obtained  by  measurement,  I  Iiafe 
need  the  method  given  by  the  Ber.  Canon  Moeeley ,  trhich  depends  upon 
a  weU-aeeeftaiiied  property  of  the  logarithmic  spiral,  that  if  fi  be  taken  to 
Teptewnt  tbe  ratio  of  the  aum  of  the  lengthi  of  an  even  number  (tn)  of  the 
whorli  to  the  lengthi  of  half  that  number,  i\i'eak={jt~\)-.  Applying 
this  formula  to  the  c^aes  g^ren  below,  I  have  in  the  majori^  of  casea  ob- 
tained  results  which  confirm  the  ratios  of  the  series  of  measurements 
otherwise  obtained. 

The  second  case  of  discoid  ahelli,  in  which  ffl=Jt  and>i=0,  is  by  far  the 
commoner,  as  to  it  belong  all  genera  of  diecoidal  moUuaks,  with  the  few 
exceptions  noticed  above.  The  case  m  >-  A  is  one  which  cannot  occur,  as 
then  the  outer  whorl  must  necessarily  crush  the  inner,  and  then  the  gene- 
rating figure  could  not  retain  its  geometrical  identity  while  enlarging ; 
hence  we  find  no  examples  of  it  in  discoid  shells, 

I  have  placed  in  this  second  case  some  instances  in  which  the  ratio  of 
■lipping  or  translation  on  the  asii  is  not  easily  measured,  and  Tirtuelly 
amounted  to  nothing. 

The  following  Table  of  examples  Ulustrate  caae  No.  2 : — 


SpKiH. 


width  of  vbatli  ID  diclmili  nf  u  iDcb. 


■■{is'fr 


Hitherto  we  hare  been  examining  the  formolse  for  discoid  shells ;  but  by 
ftr  the  greater  number  of  shell-forms  are  those  tn  which  tbe  whorls, 
inatead  of  remuning  in  the  same  plane,  slide  down  on  the  central  axis, 
thoa  makiDg  a  turbinated  shell-form.  A  new  principle  enters  into  our 
eeloulation  here  1  for  the  shape  of  a  turbinated  shell  depends  on  the  mutual 
relation  t^three,  and  not  two  conitants.    These  are,  first,  the  form  of  the 
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i  dndlr,  tb«  heS- 
Mtan  to  CMh  eOar 


generadng  figure ;  weandlf,  tha  iliicaicUl  eoid 
coid&l  coeffident  n.  Upon  tho  TelstioM  of  tliM 
depends  tbe  ihape  of  tha  dull.  Ttiiu  in  Kmia 
in  such  Guea  the  whorli  aemdj  embraea  ttdi  odter,  and  the  flgnre  pro- 
duced is  that  of  an  elongated  cone,  at  in  the  genen  IWnteUa,  Ceritkitm, 
Aeui,  &c.  Sometimes  n  exceeds  m  ;  and  in  this  ease  the  ronlling  Arm  is 
an  open  spiral  as  in  Vtrwutiu,  or  a  raiudlf  deacading  aerica  of  witorit,  A 
third  possible  case  is  that  ia  which  n  is  leas  than  s^  and  the  nwilliin 
figure  is  globular ;  but  of  this  case,  though  a  poaaible  on^  I  have  not  u 
l^et  succeeded  in  obtaining  an  example. 
Tlie  following  cases  iDnatrat«  the  formula  «  >  m  y~- 
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VI.  "Contributions  to  Terrestrial  Magnetism. — No.  XII.      The 
Magnetic  Survey  of  the  British  Islands,  reduced  to  the  epoch 
of  1812-5."     By  General  Sir  Edwasd  Sabinb,  E.C.B.,  Prc- 
Hitlcnt  of  the  Royal  Society.     Received  June  15,  1870. 
(Abstract.) 
This  paper  contains  a  statement  of  the  origiin,  progress,  and  compIeUon  of 
this  survey.     It  is  accompanied  by  maps  of  the  declination,  inclination, 
and  mngnetic  force,  which  have  been  drawn  at  tbe  Uydrographic  Office  of 
the  Admiralty  under  the  superintendence  of    Captain  Frederick  John 
Evnns,  R.N.,  F.R.S.    The  paper  consists  in  great  measure  of  Tables,  giving 
tl)c  observation  of  each  of  the  three  magnetic  elements,  with  reductions  in 
every  case  for  the  secular  change  between  the  date  of  tbe  observation  and 
that  of  the  epoch  (1842-5)  for  which  the  maps  are  constracted. 
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VII.  *'  On  Supersaturated  Saline  Solutions."— Part  II.    By 
Chables  Tomlinbon^  F.R.S.     Received  May  17^  1870. 

(Abstract.) 

The  object  of  this  paper  is  to  develop  more  fully  the  principles 
attempted  to  be  established  in  Part  I.*,  not  only  by  clearer  definitions  of 
terms,  but  also  by  new  facts  and  conclusions.  The  paper  is  divided  into 
two  sections ;  in  the  first  of  which  are  stated  the  conditions  under  which 
nuclei  act  in  separating  salt  or  gas  or  vapour  from  their  supersaturated 
BolutionSy  while  in  the  second  section  is  shown  the  action  of  low  tempe- 
ratures on  supersaturated  saline  solutions. 

The  first  section  opens  with  definitions  of  the  terms  used. 

A  nucleus  is  a  body  that  has  a  stronger  attraction  for  the  gas  or  vapour 
or  salt  of  a  solution  than  for  the  liquid  that  holds  it  in  solution. 

A  body  is  chemically  clean  the  surface  of  which  is  entirely  free  from 
any  substance  foreign  to  its  own  composition.  Oils  and  other  liquids 
are  chemically  clean  if  chemically  pure,  and  contain  no  substance,  mixed 
or  dissolved,  that  is  foreign  to  their  composition.  But  with  respect  to  the 
nndear  action  of  oils  &c.,  the  behaviour  is  different  when  such  bodies 
exist  in  the  mass,  such  as  a  lens  or  globule,  as  compared  with  the  same 
bodies  in  the  form  of  films. 

Catharization  is  the  act  of  clearing  the  surface  of  bodies  from  all  alien 
matter,  and  the  substance  is  said  to  be  catharized  when  its  surface  is  so 
cleared. 

As  everything  exposed  to  the  air  or  to  the  touch  takes  more  or  less  a 
deposit  or  film  of  foreign  matter,  substances  are  classed  as  catharized  or 
mneatharized  according  as  they  have  or  have  not  been  so  freed  from 
foreign  matter. 

Referring  to  the  definition  of  a  nucleus,  substances  are  divided  into 
nmdear  or  non-nuclear* 

The  nuclear  are  those  that  may,  per  se,  become  nuclei.  The  non- 
nndear  are  those  that  have  not  that  quality. 

The  nuclear  substances  would  seem  to  be  comparatively  few,  the  larger 
number  of  natural  substances  ranking  under  the  other  division. 

Under  nuclear  substances  are  those  vapours  and  oily  and  other  liquids 
that  form  thin  films  on  the  surfaces  of  liquids  and  solids ;  and  generally 
all  fubstanoes  in  the  form  of  films,  and  only  in  that  form.  Thus  a  stick 
of  tallow,  chemically  clean,  will  not  act,  but  a  film  of  it  will  act  power- 
fiilly ;  and  again,  a  globule  of  castor-oil  will  not  act,  if  chemically  clean  ; 
bat  in  the  form  of  a  film,  whether  chemically  clean  or  not,  it  will  act 
powerfully. 

If  a  drop  of  a  liquid  be  placed  on  the  surface  of  another  liquid  it  will 
do  one  of  three  things  (apart  from  chemical  action),— (1)  it  will  diffuse 
through  the  liquid,  and  in  general,  under  such  circumstances,  not  act  as  a 
»  Proo.  Eoy.  Soo.  vol  xvi.  p.  403;  PhiL  Trans.  1868,  p.  659. 
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nucleus ;  or  (2)  it  will  spread  oat  into  a  film,  or  (8)  tmoaih.  in  a  lenti- 
cular shape.  It  becomes  a  film  or  a  lens  aoeording  to  tho  ganml  piopo- 
sition,  that  if  ou  the  surface  of  the  liquid  A,  whose  snrftee-tennon  is  m, 
we  deposit  a  drop  of  the  liquid  B,  whose  surface-tennon,*&,  is  less  than 
a,  the  drop  will  spread  into  a  film  ;  but  if,  on  the  eontraiy^  h  be  gtftater 
than  a,  or  onlj  a  little  less,  the  drop  will  remain  in  the  fbnn  of  a  kna. 
Hence  if  B  spread  on  A,  A  will  not  spread  on  the  suftoe  of  B. 

This  general  proposition  may  not  always  apply  in  the  eaaaofnqwt- 
saturated  saline  solutions,  on  account  of  the  n^perjleuil  mseotUy^  or  the 
greater  or  less  difficulty  of  the  superficial  molecules  to  be  displacwL 

A  glass  rod  drawn  through  the  hand  becomes  coTcred  with  a  tUn 
film,  or  the  same  rod  by  exposure  to  the  air  contracts  a  film  by  the  aon- 
densation  of  floating  Taponrs,  dust,  Ac.,  and  in  cither  case  is  brrag^t  into 
the  nuclear  condition. 

A  second  class  of  nuclear  bodies  are  permanently  jpofoas  snbafanoes, 
such  as  charcoal,  coke,  pumice,  ftc  The  actioii  of  these  is  cfaicAy  con- 
fined to  Timorous  solutions,  and  if  catharised  having  no  power  of  sepa- 
rating  salts  from  their  supersaturated  solutions* 

Under  the  non-nuclear,  forming  by  fkr  the  larger  class  of  mbttanees, 
are  glass,  the  metals,  &c.,  while  their  surfaces  are  chemically  dean. 

Among  the  non-nuclear  substances  will  be  found  air ;  for  its  ascribed 
nuclear  character  is  due,  not  to  itself,  but  to  the  nuclear  particles  of  which 
it  is  the  rehicle.  Thus,  as  stated  in  Part  I.,  if  air  be  filtered  through 
cotton-wool  it  loses  its  apparent  nuclear  character ;  so  also  if  heated. 

When  a  catharized  body  is  placed  in  a  supersaturated  solution,  such 
solution,  as  explained  in  Part  I .,  adheres  to  it  as  a  whole ;  but  if  such 
body  be  non-catharized,  the  gas  or  vapour  or  salt  of  the  solution  adheres 
to  it  more  strongly  than  the  liquid  portion,  and  hence  there  is  a  separa- 
tion. In  the  present  paper  it  is  shown  that  an  active  or  non-catharized 
surface  is  one  contaminated  with  a  film  of  foreign  matter,  which  filmy 
condition  is  necessary  to  that  close  adhesion  which  brings  about  the 
nuclear  action  ;  for  it  can  be  shown  that  an  oil,  for  example,  is  non-nuclear 
in  the  form  of  a  lens  or  globule,  but  powerfully  nuclear  in  the  form  of  a 
film. 

Some  liquids  (absolute  alcohol  for  example)  form  films,  and  act  as 
nuclei  by  separating  water  instead  of  salt  from  supersaturated  solutions. 

Other  liquids  (glycerin  for  example)  difi^use  through  the  solutions 
without  acting  as  nuclei. 

Fatty  oils  may  slowly  saponify,  or  oil  of  bitter  almonds  form  bensoic 
acid  in  contact  with  supersaturated  solutions  of  Glauber's  salt  without 
acting  as  nuclei. 

The  solutions  (say  of  Glauber's  salt)  are  prepared  with  1,  2,  or  3 
parts  of  the  salt  to  1  part  of  water ;  they  are  boiled,  filtered  into  clean 
flasks,  and  covered  with  watch-glasses.  When  cold,  the  watch-glass 
being  lifled  off,  a  drop  of  oil  is  deposited  on  the  surfiM^  of  the  supersata- 
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nted  folatum.  hi  an  ezpcrimeiit  described,  a  drop  of  pale  seal-oil  formed 
a  well-shaped  film,  with  a  display  of  iridescent  rings,  and  immediately 
ftom  the  lower  surface  of  the  film  there  fell  large  flat  prisms  with  dihe- 
dral summits  of  the  10-atom  sodic  sulphate.  The  prisms  were  an  inch  or 
an  inch  and  a  half  in  length,  and  three-eighths  of  an  inch  across.  The 
crystallisation  proceeded  from  erery  part  of  the  lower  surface  of  the  film, 
and  as  one  set  of  crystals  fell  off,  another  set  was  formed,  until  the  whole 
solution  became  a  mass  of  fine  crystals  in  a  small  quantity  of  liquid,  an 
eflect  quite  different  from  the  usual  crystallization  which  takes  place  when 
a  supersaturated  solution  of  Glauber's  salt  is  subjected  to  the  action  of  a 
nucleus  at  one  or  two  points  in  its  surface,  as  when  motes  of  dust  enter 
from  the  air,  or  the  surface  is  touched  with  a  nuclear  pomt.  In  such  case 
small  crystalline  needles  diverge  from  the  point  and  proceed  rapidly  in 
well-packed  lines  to  the  bottom,  the  whole  being  too  crowded  and  too 
rapid  to  allow  of  the  formation  of  regular  crystals. 

Similar  experiments  were  made  on  solutions  of  Glauber's  salt  of  dif- 
ferent strengths,  with  drops  of  ether,  absolute  alcohol,  naphtha,  benzole, 
the  oils  of  turpentine,  cajuput,  and  other  volatile  oils,  sperm,  herring,  olive, 
linseed,  castor,  and  other  fixed  oils  of  animal  and  vegetable  origin,  with 
this  general  result,  that  whenever  the  liquid  drop  spread  out  into  a  film, 
it  acted  as  a  powerful  nucleus ;  but  when  the  oil  formed  a  lens  there 
was  no  separation  of  salt,  even  when  the  flasks  were  shaken  so  as  to  break 
up  the  lens  into  small  globules.  If,  however,  a  sudden  jerk  were  given  to 
the  flask  so  as  to  flatten  some  of  the  globules  against  its  sides  into  films, 
the  whole  solution  instantly  became  solid.  A  similar  effect  was  produced 
by  introducing  a  clean  inactive  solid  for  the  purpose  of  flattening  a  por- 
tioii  of  oil  against  the  side  of  the  flask. 

Steaiine  from  sheep's  tallow  that  had  boen  exposed  to  the  air  produced 
immediate  crystallization,  but  by  boiling  the  solution  and  covering  the 
iiaaks,  the  stearine,  now  catharized,  had  lost  its  nuclear  character  on  the 
cold  solution.  Similar  observations  were  made  with  the  fixed  oils  that 
form  lenses  or  globules  in  the  solution.  So  also  volatile  oils  containing  pro- 
ducts of  oxidation,  dust,  &c.  are  nuclear,  but  when  catharized  by  being 
redistilled  they  are  inactive  in  the  globular  state,  active  in  the  form  of  films. 

Supersaturated  solutions  of  potash  alum,  ammonia  alum,  sodic  acetate, 
and  magnesia  sulphate  were  also  operated  on  with  results  similar  to 
those  obtained  witli  solutions  of  Glauber's  salt. 

When  a  liquid  forms  a  film  on  the  surface  of  a  supersaturated  solution, 
the  surface-tension  of  the  solution  is  so  far  diminished  as  to  bring  the  film 
into  contact  with  the  solution,  when  that  differential  kind  of  action  takes 
place  whereby  the  salt  of  the  solution  adhering  more  strongly  to  the 
flhn  than  the  water  of  the  solution,  the  action  of  separation  and  crystal- 
lisation, thus  once  begun,  is  propagated  throughout.  A  similar  action 
takes  place  with  solid  bodies  that  have  contracted  filmy  nuclei  by  being 
touched   or  drawn  through  the  hand,  or  merely  exposed  to  the  air; 
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tbej  are  active  or  nudear  by  Tirtae  of  the  films  of  matter  vliieh  more  m 
less  cover  them. 

On  the  other  hand,  when  a  drop  of  oil  (or  many  diap§)  is  placed  oa 
the  surface  of  a  supenatorated  saline  solatioDy  and  it  assmnfls  tbe  laii« 
ticolar  form,  or  even  flattens  into  a  diric,  snch  lens  or  disk  is  sepaimtcd  from 
actual  contact  with  the  solution  by  surftoe-tension.  That  the  p^hewon  is 
very  different  from  that  of  a  film  may  be  shown  by  pooling  a  qiuntitj  of 
recently  distilled  turpentine,  for  example,  on  the  snrfree  of  ehanicaUy 
clean  water,  and  scraping  upon  it  some  fragments  of  camphor;  thcM 
will  be  immediately  covered  with  a  solution  of  camphor  in  the  oil,  whidi 
solution  will  form  iridescent  films,  and  sail  about  with  the  camphor, 
vigorously  displacing  the  turpentine,  and  cutting  it  up  into  smaller  disks 
and  lenses.  So  in  the  case  of  supersaturated  saline  solutionis  the  oil-lens 
is  not  sufficiently  in  contact  with  the  surface  of  the  solution  to  allow  of  the 
exertion  of  that  differential  kind  of  action  whereby  salt  is  separated.  Even 
when,  by  shaking,  the  oil  is  broken  up  into  globules,  and  these  are  sab- 
merged,  they  are  still  so  far  separated  from  the  solution  by  surfiioe-t^nsion 
as  to  prevent  actual  contact. 


In  the  second  section  it  is  shown  that  solutions  of  certain  salts  which 
remain  liquid  and  supersaturated  at  and  about  the  freezing-point  of  water, 
by  a  further  reduction  in  temperature,  to  from  0^  Fahr.  to  — 10°  and  in  the 
absence  of  a  nucleus,  rather  solidify  than  crystallize,  but  on  being  restored 
to  32^  recover  their  liquid  state  without  any  separation  of  salt. 

A  solution  of  ferrous  sulphate,  for  example,  at  0^  Fahr.  formed  tetra- 
hedral  crystals  at  the  surface,  which  spread  downwards  until  the  contents 
of  the  tube  became  solid.  In  suow-water  at  32^  the  frozen  mass  shrank  from 
the  sides  of  the  tube,  formed  into  a  smooth  rounded  mass,  and  gradually 
melted,  leaving  the  solution  clear  and  bright  without  any  deposit.  On 
removing  the  cotton-wool  from  the  mouth  of  the  tube,  small  but  well- 
shaped  rhomboidal  crystals  soon  filled  the  solution. 

A  similar  experiment  was  tried  with  the  double  salt  formed  by  mixing 
in  atomic  proportions  solutions  of  the  zincic  and  magnesic  sulphates. 
A  supersaturated  solution  of  this  salt  at  about  —8^  Fahr.  became  solid, 
and  it  melted  quickly  at  32^.  Such  a  solution  may  be  solidified  and 
melted  a  number  of  times,  provided  it  be  protected  from  the  action  of 
nuclei ;  but  if  the  cotton-wool  be  removed  from  the  tube,  even  when  the 
contents  are  solid,  and  be  immediately  reinserted,  there  will  be  a  separa- 
tion of  the  salt  during  the  melting,  in  consequence  of  the  entrance  of 
nuclear  particles  from  the  air. 

Solutions  of  such  a  strength  as  to  be  only  saturated  at  ordinary  tempe- 
ratures, and  therefore  not  sensitive  to  the  action  of  nuclei,  become  very 
much  so  by  reduction  of  temperature  below  32^  Fahr.  Salts  that  con- 
tain a  large  amount  of  water  of  crystallization,  such  as  the  zincic  and 
magnesic  sulphates,  require  only  a  small  portion  of  added  water  in  order 
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to  form  supersaturated  solutions,  and  they  become  more  sensitive  to  the 
action  of  nuclei  as  the  temperature  falls^  or^  in  other  words,  as  they  be- 
come more  highly  supersaturated.  Thus  a  very  strong  solution  of  calcic 
chloride,  which  is  not  sensitiTC  to  nuclei  at  40^  or  45^,  becomes  very  much 
so  at  24''  to  34^ 

The  sodio-zincic  sulphate  contains  only  4  proportionals  of  water  of 
crystallisation,  and  hence  its  supersaturated  solutions  are  not  stable  at 
low  temperatures.  When  freshly  made,  they  may  be  reduced  to  lO^Fahr. 
withouts  eparation  of  the  salt ;  but  by  repose,  even  in  clean  tubes  and  in 
the  absence  of  nuclei,  long  crystals  of  the  separated  salts  occupy  the 
length  of  the  tube,  but  they  are  invisible  on  account  of  having  the  same 
refractive  index  as  that  of  the  solution  in  which  they  are  immersed.  In 
the  course  of  time,  probably  from  the  escape  of  vapour  of  water  through 
the  porous  plug,  they  become  visible. 

A  solution  of  the  ammonia  zincic  sulphate  at  4^  Fahr.  formed  beautifiil 
large  feathery  crystals  of  an  opaque  white,  which  gradually  filled  the  tube. 
They  melted  rapidly  at  32^. 

A  supersaturated  solution  of  nickel  sulphate  resisted  a  temperature  of 
6^  Fahr.  Mixed  with  an  equivalent  weight  of  cupric  sulphate,  the  two 
salts  separate  if  the  solution  be  exposed  to  the  air,  but  in  closed  tubes  the 
solution  at  0^  Fahr.  forms  beautiful  feathery  crystals,  which  melt  rapidly 
at  32°,  without  any  separation  of  salt. 

Similar  phenomena  are  produced  by  a  supersaturated  solution  of  zinc 
sulphate  and  potash  alum  in  equivalent  proportions  exposed  to  a  tempe- 
rature of  4°  Fahr.  A  similar  solution  of  the  cupric  and  magnesic  sul- 
phates at  —4°  also  became  solid,  and  melted  rapidly  at  32^. 

Experiments  were  also  made  with  the  sodic  and  magnesic  sulphates, 
cadmic,  and  some  other  sulphates.  The  addition  of  potassic  sulphate  to 
other  sulphates,  in  atomic  proportions,  forms  double  salts,  which,  so  far 
as  they  were  examined,  do  not  form  supersaturated  solutions. 

The  effect  of  low  temperatures  was  in  some  cases  to  throw  down  a 
portion  of  the  salts  in  the  anhydrous  form,  upon  which  were  formed  by 
repose  crystals  of  a  lower  degree  of  hydration  than  the  normal  salt.  Some 
cases  of  this  kind  are  described  in  the  paper. 


VIII.  "  On  Purfuramline  and  Furfurtoliiidine.^'    By  John  Sten- 
HOUSE^  LL.D.^  F.R.S.    Received  May  19,  1870. 

In  an  epistolary  communication  to  Mr.  H.  Watts  *  I  stated  that  "  The 
most  abundant  and  economical  source  of  furfurol  is  in  the  preparation  of 
garancin  by  boiling  madder  with  sulphuric  acid.  If  the  wooden  boilers, 
in  which  garancin  is  usually  manufactured  were  fitted  with  condensers,  fur- 
furol might  be  obtained  in  any  quantity  without  expense.    Furfurol  is 

*  Watts's  Dictionary,  ii.  751. 
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also  produced  by  boiling  any  kind  of  nrnddir  with  gqlatimi  of  ndfihate  of 
aluminiam. 

Crude  forfurol,  whether  obtained  from  madder,  bran,  lawdiiab  or  any 
other  of  its  usual  sources,  is  always  contaminated  with  another  aiomatie 
oil,  which  I  called  metafurfurol  *•  This  has  a  higher  bciling-pointt  and 
oxidizes  more  readily  than  furfurol,  so  that  by  repeated  rectification  ahnost 
the  whole  of  it  is  converted  into  a  brown  resinous  matter,  which  romains 
in  the  retort.  It  is  owing  to  the  presence  of  this  impurity  that  erode  for* 
furol  BO  rapidly  changes  its  colour  when  kept,  the  metaforfinol  not  only 
being  itself  decomposed,  but  superinducing  the  oxidation  of  the  forAiroL 

A  much  simpler  and  more  effectiye  method,  howeTcri  of  purifying  for« 
furol  from  this  substance  consists  in  digesting  it  for  some  hoora  with  toy 
dilute  sulphuric  acid,  to  which  small  quantities  of  acid  potaasiom  duo- 
mate  are  added  from  time  to  time ;  this  effectually  destroys  the  aaetafiur- 
furol  and  other  impurities,  so  that  the  furfiuol  which  diatils  OTor  after 
being  separated  from  the  water  and  dried  o?er  flised  chloride  of  oaldnm 
has  a  constant  boiling-point  of  161°  C.  It  haa  a  much  more  agreeable 
odour  than  before,  is  nearly  colourless,  and  may  be  exposed  to  the  air 
under  a  layer  of  water  for  months^  without  any  connderable  increaae  of 
colour.    Its  refractive  index  for  the  D  line  at  20°  C.  is  1*520 1* 

Action  of  Furfurol  on  Aniline  Furfur  aniline. 

Twenty  years  ago  t  I  stated  that  when  aniline  was  added  to  furfurol, 
the  mixture  acquired  a  rose-red  colour,  which  it  communicated  to  the 
skin,  and  likewise  to  paper,  linen,  and  silk,  but  that  these  rapidly  lost 
their  colour,  becoming  of  a  brownish  yellow,  even  when  light  was  excluded. 
I  was  unable,  however,  to  obtain  this  red  substance  in  a  crystalline  state. 

In  1860  the  subject  was  again  examined  by  M.  Jules  Persor  §,  who  dis- 
solved aniline  in  acetic  acid,  and  then  added  an  excess  of  aqueous  solution 
of  furfurol ;  after  some  time  a  deep  red  viscid  mass  was  deposited  on  the 
sides  of  the  vessel,  which  communicated  to  silk  and  wool  a  fine  but  very 
fugitive  red  colour.  He  was  not  more  fortunate  than  I  had  been  in  ob« 
taining  this  substance  in  a  crystalline  state. 

A  few  months  ago  I  resumed  the  investigation  of  this  subject,  and 
although  I  was  unable  to  obtain  definite  compounds  either  by  the  action 
of  furfurol  on  aniline  itself  or  on  its  salts  when  in  a  pure  state,  yet  when 
furfurol  was  added  to  a  strong  alcoholic  solution  of  aniline  hydrochlorste 
containing  an  excess  of  aniline  a  deep  red  colour  was  produced,  and  in  the 
course  of  a  few  minutes  the  mixture  solidified  to  a  crystalline  mass  of  t 
fine  iridescent  purple  colour. 

*  Ann.  Chcm.  Phar.  hxiv.  282. 

t  I  am  indebted  to  the  kindness  of  Messrs.  T.  and  H.  Smith,  of  Edinburgh,  for  the 
greater  portion  of  the  furfurol  emplojod  in  thiH  investigation.  This  firm  has  long  botn 
in  the  habit  of  manufacturing  it  for  preparing  furfurine  for  "medical  purposert. 

t  Ann.  Chem.  Pharm.  Ixiiv.  282.  {  R«p.  Chem.  App,  18G0,  p.  2311. 
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Fur/uramline  hydrochloraie. — ^Tbe  best  method  of  preparing  this  salt 
was  to  dissolve  46  parts  aniline  and  65  parts  aniline  hydrochlorate  in  400 
parts  of  warm  alcohol,  and  then  add  48  parts  furfurol»  likewise  dissolved 
in  400  parts  spirit  $  after  the  solutions  were  thoroughly  mixed,  they  soli- 
dified in  the  course  of  a  few  minutes  to  a  mass  of  crystals  of  the  salt. 
When  eold,  these  were  thrown  on  to  a  filter^  freed  from  the  mother 
liquor  by  means  of  a  yaouum  filter,  and  washed  with  a  small  quantity  of 
coloured  spirit.  They  were  then  readily  obtained  in  a  pure  state  by  re- 
in from  boiling  spirit.    The  substance  analysed  was  dried  in 


I. 

n. 

in. 

IV. 

V. 

Metti. 

64-30 

64-21 

64-25 

6-44 

5-77 

8-^ 

6-10 
8-^2 

11-18 

11-23 

11-20 

I.  '207  grm.  substance  gave  '488  grm.  carbonic  anhydride  and  *120 
gnn.  water* 

II*  '156  grm.  substance  gave  *372  grm.  carbonic  anhydride  and  *082 
grn.  water. 

III.  '228  grm.  substance  gave  *103  grm.  argentic  chloride. 

lY.  *282  grm.  substance  gave  '128  grm.  argentic  chloride. 
'  V.  '0448  grm.  substance  gave  '003773  grm.  nitrogen. 

Theory. 
0,v"«  S04  64<)5 
Hi^s  19  5-97 
O,  -  32  10-05 
K,  -  28  8-79 
a  -      85-5     11-14 

31fr5 

This  corresponds  nearly  to  the  formula  C^^  H^,  0,  N„  CI  H. 

It  is  insoluble  in  benzol,  bisulphide  of  carbon,  and  water,  but  is  slowly 
decomposed  when  boiled  with  the  latter.  It  is  soluble  in  boihng 
qnrit,  and  crystallizes  out  on  cooling  in  small  needles  of  a  fine  purple 
colour,  which  acquire  a  metallic  lustre  on  drying.  The  crystals  are  per- 
iiument  in  dry  air  when  light  b  excluded,  but  are  readily  decomposed 
when  boiled  with  dilute  acids  or  alkalies. 

Furfkraniline  nitrate. — ^This  is  prepared  in  a  manner  similar  to  that 
employed  for  the  hydrochlorate :  23  parts  aniline  and  39  of  nitrate  were 
dissolved  in  200  parts  warm  spirit,  and  24  parts  furfuroi  in  200  of  spirit 
added.  The  mixture,  on  being  allowed  to  stand  some  time,  became  a 
semisolid  crystalline  mass,  which  was  purified  in  the  same  manner  as  the 
corresponding  hydrochlorate. 

I.  '289  grm.  substance  gave  *628  grm.  carbonic  anhydride  and  '157 
gnu*  water. 


Theory. 
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This  nitrate  is  therefore  C^y  H„  N.  0^  NO,H« 

It  resembles  the  hydrochlonte  in  its  pnqpertifli^  hot  is  wtnA  mfom  nh* 
ble  in  boiling  spirit,  and  finrms  larger  erystals. 

FurfuraniUne  ni^»Aa/tf.— When  23  parts  aiuline  end  35  «f  ili  id^halt 
were  dissolyed  in  3000  of  boiling  alodhid,  and  S4  parts  of  tefbral  bi  SOO 
of  boiling  spirit  added,  the  miztnxe  became  desp  red,  and  on  ooolbg  de- 
posited minute  purple  needles  of  the  fiurftnainHne  snlphati^ 
however,  with  colourless  crystals  of  aniline  sdphato*  When  aa 
was  made  to  separate  these  by  crystaHiiatifln  firom  aleoholt  the  ftiilhiani 
line  salt  was  mostly  decomposed,  with  finrmation  of  amfine  aulpliat^ 
which  crystallized  out. 

Furjuraniline  oxalate. — When  aniline  oxalate  of  aniline  and  JbiAnnl 
were  dissolved  in  spirit,  as  m  the  preparation  of  the  salfta  above  dsBBribedt 
the  solution  became  of  a  deep  red  cdonr,  but  did  not  yield  cfystala  of  < 
late  of  furfuraniline,  only  oxalate  of  aniline  and  a  diurk  red  tanj 
being  produced. 

Furjuraniline. — In  order  to  obtain  this  baae^  a  salt  of  finrflmniBne 
(the  hjdrochlorate  or  nitrate)  was  gronnd  np  to  a  paste  with  watsr  and 
strong  aqueous  ammonia  added,  the  whde  being  mtiniately  adxad  mtil 
the  purple  colour  disappeared,  giving  place  to  a  pale  brown*  Warm  water 
was  then  added  until  the  liberated  base  became  soft  and  plastic,  so  that  it 
could  be  needed  in  successive  quantities  of  warm  water,  in  order  to 
remove  the  ammoniacal  salts  and  free  ammonia.  The  base,  as  thus  pre- 
pared,  has  much  the  pale  brown  glossy  appearance  of  stick  lac,  and,  like 
it,  can  be  drawn  out  into  strings  when  soft.  It  is  insoluble  in  water,  but 
very  soluble  in  ether  and  alcohol,  and  when  hydrochloric  add  is  added  to 
a  strong  spirituous  solution  it  becomes  deep  red,  and  solidifies  in  a  few 
moments  to  a  mass  of  the  purple  crystals  of  the  hydrocblorate.  The  base 
decomposes,  however,  very  rapidly  when  exposed  to  the  air,  or  when  bdled 
with  alcohol,  and  will  then  no  longer  yield  crystalline  salts  with  acids. 
The  same  effect  takes  place,  but  more  slowly,  in  a  vacuum. 

Action  ofFurfurol  on  Toluidine  Furjurioluidine. 

When  alcoholic  solutions  of  toluidine  and  furfurol  were  mixed,  there 
was  no  immediate  change  ;  but  after  standing  some  time  they  acquired  a 
red  colour :  as  in  the  corresponding  reaction  with  aniline  no  crystalline 
sabstance  was  produced. 

Furfartoluidine  hydrochlorate. — The  method  employed  to  obtain  this 
salt  was  similar  to  that  used  in  preparing  ftirfuraniline  hydrochlorate: 
12  parts  toluidine  hydrochlorate  and  9  parts  crystalline  toluidine  were 
dissolved  in  150  parts  hot  spirit,  and  8  parts  of  furfurol  dissolved  in  150 
parts  spirit  added ;  the  mixture  acquired  a  deep-red  colour,  and  on  cool- 
ing became  a  mass  of  minute  acicular  crystals  closely  resembling  in  ap- 
pearance  the  furfuralinine  salt.  It  was  purified  by  reciystallization  from 
boiling  alcohol,  dried  in  vacuo,  and  analyzed. 
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I.  *232  gnn.  substance  gave  *562  gprm.  carbonic  anhydride  and  -135 
grm.  water. 
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This  corresponds  to  C^,  H,,  0,  N„  CI  H. 

Furfitrtoluidine  nitrate. — This  was  prepared  in  a  manner  similar  to 
the  bydrochlorate,  substituting  the  equivalent  proportion  of  toluidine  ni- 
trate :  14  parts  toluidine  nitrate  and  9  parts  toluidine  were  dissolved  in 
100  parts  hot  alcohol,  and  8  parts  furfurol  in  an  equal  quantity  (100 
parts)  of  spirit  added ;  after  standing  some  time  the  nitrate  crystallized  out 
in  deep  purple  needles.  When  purified  and  analyzed  it  gave  the  following 
numbers  :^ 

I.  *I60  grm.  substance  gave  *355  grm.  carbonic  anhydride  and  *098 
grm.  water.  Theory.  I. 

Ci,  =228  ,61-12  60-52 

Hj„=  23  6-17  6-81 

O,  =  80  21-45 

N,  =  42  11-26 


•  • . 
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It  has  therefore  the  composition  Cjg  H„  N^,  NO,,  H. 

Fmrfkrioluidine, — ^The  salts  of  furfurtoluidine,  when  treated  with  am- 
monia solution,  were  decomposed  in  a  manner  similar  to  that  already  de- 
scribed under  the  head  Jiir/tiraniline,  but  not  quite  so  readily.  The  crude 
free  forfinrtoluidine,  when  digested  with  ether,  dissolved,  and  on  filtering  the 
solntion,  distilling  off  the  ether,  and  drying  the  residue  in  a  vacuum  over 
■olphuric  add,  the  base  was  obtained  as  a  brown  amorphous  mass,  which 
is  brittle  and  easily  reduced  to  powder.  It  is  not  as  fusible  as  furfuraniline, 
and  is  far  less  readily  decomposed.  A  carbon  and  hydrogen  determination 
of  the  freshly  prepared  base,  purified  by  ether  and  dried  in  vacuo,  gave  the 
following  rescdts  :— 

I.  '243  grm.  substance  gave  -660  grm.  carbonic  anhydride  and  -ir»9 

gnn.  water.  Tlieory.  I. 

Ci,=228  73-54  74-08 

Hja=  22                     7-11                      7-27 
0,=  32  10-32  

N,=:  28  9-03^ 


310  10000 

This  corresponds  pretty  nearly  with  the  formula  C^,,  H,,,  0^,  N^. 

TOL,  XYIII.  2  S 
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Both  furfuraniline  and  farfiirtoluidiiie  rewmbU  rdiaiiiliiie  in  (^titig 
beautifully  coloured  salts,  whilst  the  basei  are  nearlj  cbloiirleis,  or  of  a 
pale  browu  colour. 

Furfurnaphthylanune, — ^When  an  alcoholic  solution  of  fittftaroi  was  added 
to  a  similar  solutibn  of  naphthylamine  it  immediatdy  became  of  a  red 
colour,  which  id  as  fugitive  as  the  one  obtained  frOm  aniline  but  much 
duller.  Several  attempts  were  made  to  prepare  crystalline  salts  of  this 
compound,  but  without  success,  only  dark-coloured  resinous  substances 
being  obtained. 

Several  other  typical  bases  were  also  tried,  bnt  without  any  resolts. 
These  were  quinidine,  coniine,  sparteine,  and  theine.  It  appears,  there- 
fore, from  these  experiments,  that  it  is  only  the  bases  of  thfe  aroibatic  Mhries 
which  combine  with  furfurol  to  yield  these  peculiar-coloured  ailta  in  a 
crystalline  state. 

I  cannot  conclude  this  paper  without  ackhowledgbg  the  tery  eiBcient 
aid  I  have  received  from  nay  assistant,  lUtn  Charles  Edward  QtmtM^  in  the 
preceding  investigation. 


IX.   "On   Parasulphide  of   Phenyl   and   Parasiilphobenzine.''     By 
John  Stenuouse,  LL.D.,  F.R.S.,  &c.     Received  May  27, 1870. 

CHI 
When  sulphide  of  phenyl,  q^tt"  [  S,  was  passed  several  times  in  succession 

6        0  y 

through  an  iron  tube  filled  with  nails  and  heated  to  low  redness,  a  consi- 
derable amount  of  carbonaceous  matter  was  deposited,  and  a  portion  of  the 
sulphide  was  converted  iuto  an  isomeric  compound,  which  I  propose  to  call 
Parasulphide  of  Phenyl. 

In  order  to  obtain  this  substance  from  the  dark-coloured  distillate 
which  collected  in  the  receiver  when  sulphide  of  phenyl  was  submitted  to 
the  action  of  heat  in  the  manner  above  described,  it  was  transferred  to  a 
copper  retort  and  distilled.  The  clear  dark-yellow  oil  was  then  cooled  for 
several  hours  in  a  freezing-mixture,  when  a  considerable  quantity  of  a  white 
crystalline  substance  separated  in  nodules ;  this  is  freed  from  undecom- 
posed  sulphide  of  phenyl  by  thoroughly  draining  it  on  a  vacuum  filter. 
It  can  readily  be  purified  by  repeated  crystallization  from  boiling  alcohol, 
in  which  it  is  rather  soluble. 

I.  '197  grm.  substance  gave  *557  grm.  carbonic  anhydride  and  *092 
grm.  water. 

II.  '166  grm.  substance  gave  *473  grm.  carbonic  anhydride  and  *077 
grm.  water. 

III.  '200  grm.  substance  gave  '254  grm.  barium  sulphate. 

IV.  '218  grm.  substance  gave  '276  grm.  barium  sulphate. 
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186        100-00 
.  This  corresponds  to  the  empirical  fortnula  Cj,  H^q  S. 

Parasulphide  of  phenyl  crystallices  from  alcohol  in  small  white  needles^ 
which  melt  at  94^  C.»  and  can  be  distilled  at  a  very  high  temperature.  It 
is  insoltible  in  wdter^  but  rather  soluble  in  bisulphide  of  carbon,  ether,  and 
bensdl. 

Pdraaulphohentine, — When  parasulphide  of  phenyl  was  digested  for 
sereral  hours  with  dilute  sulphuric  acid  and  acid  chromate  of  potassium,  it 
was  gradually  converted  into  a  new  substance,  haying  a  much  higher 
melting-point,  so  that  the  completion  of  the  oxidation  was  readily  observed 
bjr  the  entire  disappearanbe  of  the  fused  parasulphide.  The  crude  para- 
Bulphobenzine  was  then  collected,  well  washed  with  water,  and  purified  by 
two  or  three  crystallizations  out  of  boiling  alcohol. 

I.  -194  grm.  substance  gave  '470  grm.  carbonic  anhydride  and  *075 
grm.  water. 

IT.  -347  grm.  substance  gave  -843  grm.  carbonic  anhydride  and  *138 
grm.  water. 


Theory. 
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These  carbon  determinations  correspond  with  the  formula  C„  H^,  SO, ; 
it  has  therefore  the  same  percentage  composition  as  the  sulphobenzine  ob-> 
tuned  by  the  oxidation  of  sulphide  of  phenyl  *. 

Farasulphobenzolene  melts  at  230°  C,  is  soluble  in  boiling  alcohol,  from 
which  it  crystallizes  on  cooling  in  the  form  of  long  white  shining  needles. 
It  is  insoluble  in  water,  soluble  in  benzol,  ether,  and  carbon  disulphide.  It 
dissolves  readily  in  warm  sulphuric  acid,  forming  a  colourless  solution,  and 
does  not  blacken  even  when  heated  to  the  boiling-point  of  the  acid. 
Water  precipitates  it  unchanged.  It  is  also  soluble  in  hot  strong  nitric 
acid  without  change,  and  crystallizes  out  on  cooling. 

*  Proc.  Roy.  Soc.  vol.  xiv.  p.  351. 
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X.  "  On  a  Method  of  graphically  representing  the  DimenBions  and 
Proportions  of  the  Teeth  of  Mammals/'  By  Geckos  Busk, 
F.R.S.    Received  May  20, 1870, 

Of  all  the  hard  parts  of  animals^  the  teeth^  more  espedally  for  palaeonto- 
logical  purposes,  undoubtedly  afford  the  most  constant  and  the  most  gene* 
rally  available  characters.  Any  plan,  therefore,  by  which  the  study  and 
ready  comparison  of  these  organs  may  be  facilitated  and  simplified  cannot 
fail  to  be  of  some  use  to  the  zoologist  and  palaeontologist. 

Having  myself  found  the  method  I  am  about  to  describe  convenient  in 
many  instances,  more  particularly  in  the  case  of  fossil  mammals,  I  hare 
been  led  to  believe,  by  the  representations  of  several  to  whom  it  has  been 
communicated,  that  it  might  be  found  useful  by  others,  and  consequently, 
though  at  first  sight  but  a  trifling  matter,  worthy  of  a  place  in  the  *  Pro- 
ceedings '  of  the  Society. 

The  characters  afforded  by  the  teeth  are  derived  from  their  number, 
proportions  (absolute  and  relative),  and  pattern. 

In  many  cases  the  pattern  of  the  teeth  must  undoubtedly  be  taken 
into  account;  but  in  a  very  great  number  it  will  be  found  that  the 
number  and  proportions,  more  particularly  of  the  premolars  and  molars, 
are  sufficient  for  the  purpose  of  diagnosis,  or,  at  any  rate,  that  a  knowledge 
of  these  particulars  alone  will  reduce  the  necessity  for  further  comparison 
within  a  small  compass.  A  good  illustration  of  this  is  afforded  in  the 
smaller  Felidse,  in  which,  owing  to  their  high  specialization,  the  pattern  of 
the  teeth  is  in  the  main  so  very  closely  alike  as  to  render  it  of  very  little 
assistance  in  diagnosis,  though  not  altogether. 

The  statement  of  the  particulars  above  mentioned,  in  words  or  figures 
when  numerous  comparisons  are  needed,  is  tedious  and  laborious  to  both 
writer  and  reader ;  and  even  in  the  most  carefully  arranged  tables  it  is 
difficult  without  close  attention  to  perceive  at  once  differences  which 
though  minute  are,  from  their  constancy,  important  and  in  fact  necessary 
for  the  diagnosis  of  nearly  allied  forms. 

My  plan  may  be  termed  one  for  the  graphic  or  diagrammatic  represen* 
tation  of  the  absolute  and  relative  or  proportional  dimensions  and  number 
of  the  premolar  and  molar  teeth,  or  of  those  constituting  the  molar  series, 
and  which  have  appeared  to  me  in  most  cases  sufficient  for  the  purpose  in 
view.  But  of  course  the  incisors  and  canines  might  be  included  in  the 
scheme  if  thought  requisite. 

The  method  in  which  these  "  odontograms  *'  are  prepared  will  be  at  once 
obvious  on  inspection  of  the  accompanying  examples.  Each  horizontal  line 
in  the  figures,  which  represent  the  maxillary  and  mandibular  molar  series 
of  a  species,  corresponds  to  a  single  tooth,  whose  extreme  length  or  an- 
tero-posterior  diameter  is  indicated  by  the  extent  of  the  lighter  shade,  and 
its  extreme  breadth  or  transverse  diameter  by  the  darker  shade.  Both 
dimensions  are,  of  course,  measured  from  the  same  base-line. 
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The  respective  measorements^  which  may  be  taken  with  a  pair  of  sharp- 
pointed  caliper-compasses,  having  been  pricked  out  upon  the  equidistant 
horizontal  lines,  the  points  showing  the  length  and  breadth  of  each  tooth 
are  connected  hj  straight  lines,  and  a  sort  of  figure  is  thus  obtained  which, 
in  nearly  all  cases,  will  be  characteristic  of  the  ffenus  or  family,  and  in 
many  instances  sufficient  to  determine  the  species  also.  In  some  cases, 
as  for  instance  in  Canis  and  Viverra,  the  odontograms  are  at  first  sight  so 
nearly  alike  that  recourse  must  be  had  to  the  pattern  of  the  teeth  in  addi- 
tion, as  before  alluded  to. 

In  order  to  render  figures  of  this  kind  easily  comparable  inter  ae,  it  is 
necessary  that  they  should  be  drawn  upon  some  common  scale  for  the 
distance  between  the  horizonal  lines.  This  is,  of  course,  entirely  arbitrary, 
all  that  is  requisite  being  that  it  should  not  be  too  great  nor  too  small. 

The  accompanying  odontograms  are  drawn  upon  a  scale  of  *25  inch= 
6*35  mm.,  which  appears  convenient  for  the  purpose ;  and  b  suitable  for 
all  teeth  of  the  dimensions  that  readily  admit  of  this  mode  of  definition, 
that  is  to  say,  which  are  neither  too  large,  as  those  of  the  Elephant,  nor 
too  small,  as  in  the  smallest  mammals. 

Moreover,  if  the  figures  are  drawn  upon  ruled  paper,  the  actual  measure- 
ment of  the  size  of  the  teeth  can  be  read  off  at  sight ;  and  with  this  object 
I  have  employed  paper  ruled  to  a  scale  of  '05  inch. 

The  examples  selected  to  show  the  application  of  the  method  above 
described  have  necessarily  been  limited  to  a  very  few.  They  include 
figlires  of  the  dentition  of  the  Lion  and  Tiger,  taken  from  the  largest  speci- 
mens of  each  species  I  have  as  yet  met  with ;  but  they  afford  a  fair  illus- 
tration of  the  way  in  which  even  a  slight  specific  difference  is  brought  out, 
and  which,  in  the  case  of  these  animals,  is  almost  confined  to  the  lower  teeth. 

The  three  odontograms  of  the  genus  Uraus  represent  the  mean  dimen- 
sions and  proportions  taken  from  numerous  instances  of  each  species,  and 
they  show  at  a  glance  the  differences  between  them.  In  these  the  small 
anterior  premolars  have  been  purposely  omitted  to  save  space. 

The  odontograms  of  Hyana  are  of  the  same  kind. 

The  dentition  of  the  genus  Cania  is  exemplified  by  instances  taken  from 
the  Wolf  to  the  Fennec  Fox,  or  from  the  largest  to  the  smallest  species, 
in  order  to  illustrate  the  uniformity  of  the  generic  type  throughout ;  and 
amongst  these  forms,  two  will  serve  to  show  how  the  method  may  be  used 
in  palseontological  research.  Plate  IX.  fig.  13  represents  the  dentition  of  the 
fossil  Fox  described  by  Messrs.  Durand  and  Baker  from  the  Siwalik  Hills, 
and  fig.  14  that  of  the  existing  Cania  benyalensia,  which  would  thus  appear 
to  be  the  close  representative  of  its  supposed  miocene  progenitor,  a  re- 
semblance which  further  comparison  of  the  skulls  only  serves  to  render  still 
more  obvious.  The  other  figures  are  introduced  merely  to  indicate  the 
Tariety  of  forms  produced  in  this  way  from  the  measurements  of  the  teeth 
€t  different  genera. 
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PLiTiVni, 

Fig.  1.  FeUs  leo  (max.). 
2.  —  tigris  (max.). 

3. jitbaia  (mean). 

4.  Urgus  fero*  (mma). 

5. arciM  (moan). 

6. maritimui  (mmA). 

7.  Hytena  eroeuta  (mean). 

8.  — -  hrunnea  (mean). 
9. striata  (mean). 


PL&TvXZi 

-  ■  ■  •.  a 

fig.  la  Cqhhu  /t^K|. 

11,  ■' '  ■■  I-  Mfmut 

15.  fwjpM. 

13. AM^alnuii(iB«aiff). 

1&  — *«sfrAp| 

16.  Am  mr^fa  (ftrw); 

17. ' iomedkwL 

18.  BpNff  MAafiM. 


XI.  ''  Note  on  the  Spectra  of  Erbia  and  soma  other  Bartha.*^    By 
William  Huogins^  LL.D.^  F.B.8.    Beceived  May  36, 1870. 

Bahr  and  BuDsen  have  shown*  that  erbia»  rendered  ipcandeacent  in  % 
Bunsen's  gas-flame,  gives  a  spectrum  of  brig}it  lines  ip  addition  to  a 
brilliant  continuous  spectrum.  As  they  were  unable  to  discover  the  hntjf^ 
lines  in  the  flame  beyond  the  limits  of  the  solid  erbia,  thcj  suggest  t^ 
the  light  which  is  dispersed  by  the  prism  into  bright  lines  is  endttod  by 
the  solid  erbia,  which  substance  therefore  appears  to  stand  alope.  as  a  rPr 
markable  exception,  among  solid  bodies.  Bahr  and  Bunsen  found  the 
spectrum  of  bright  lines  to  coincide  very  nearly  with  the  absorption 
spectrum  of  some  compounds  of  erbium. 

A  few  weeks  since,  when  in  Ireland,  I  made  the  observation  that  the 
spectrum  of  the  ordinary  lime-light  contains  bright  linesf*  Dr.  Emerson 
lieynolds.  Director  of  the  Laboratory  of  the  Royal  Dublin  Society,  kindly 
undertook  to  make  experiments  to  ascertain  from  the  position  of  the  lines 
if  they  were  due  to  the  cylinder  of  lime,  or  to  impurities  contained  in  it. 

Upon  my  return  to  town  I  made  the  following  experiments ;  shortly 
after  commencing  them  I  received  from  Dr.  Reynolds  the  account  of  his 
experiments,  which,  with  his  permission,  I  have  added  to  this  note. 

Erbia, — A  few  months  since  I  received,  through  the  kindness  of  Dr. 
Roscoe,  F.R.S.,  a  few  grains  of  nitrate  of  erbia,  which  he  had  procured 
from  a  trustworthy  source.  I  followed  Bunsen's  method  of  placing  it  with 
syrupy  phosphoric  acid  upon  a  platinum  wire.  The  erbia,  obtained  by 
this  method  in  a  finely  divided  state,  was  then  submitted  to  the  heat  of  the 
oxyhydrogcn  blowpipe. 

In  nil  the  experiments  described  in  this  paper  hydrogen  alone  was  first 
turned  on,  and  the  effect  of  the  heat  of  the  flame  on  the  substance  under 
examination  observed  with  the  spectroscope.  Oxygen  was  then  admitted 
slowly,  and  the  effect  of  the  increased  heat  carefully  noted. 

M^ith  the  flame  of  hydrogen  alone,  the  linos  represented  in  the  map 

*  Licbig's  Aiinalon,  Bd.  Ixi.  (1866)  S.  1. 

t  Dr.  W.  Allen  Miller  informs  me  that  in  1815  he  noticed  a  bright  line  ia  the 
•pectrum  of  the  diffused  light  of  the  oxyKydrogen  jet  reflected  from  a  sheet  of  paper. 
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which  accompanies  Bahr  and  Bonsen's  paper  were  seen,  but  the  lines  were 
more  distinct  when  a  small  proportion  of  oxygen  was  admitted.  With  the 
full  proportion  of  oxygen,  the  light  from  the  glowing  erbia  was  more 
intense,  but  the  lines  were  not  so  well  seen.  Even  with  the  intense  heat 
of  the  oxyhydrogen  flame  I  was  unable  to  trace  the  lines  beyond  the 
limits  of  the  solid  erbia,  though  the  line  of  sodium  could  be  seen  for  some 
distance  from  the  erbia.  I  found,  however,  that  the  lines  appeared  more 
distinct,  in  consequence,  probably,  of  their  being  brighter  relatively  to  the 
parts  of  the  continuous  spectrum  where  they  occur,  when  the  slit  was 
directed  from  the  side  upon  the  gas  immediately  in  front  of  the  glowing 
part  of  the  erbia. 

The  spectrum  of  bright  lines  obtained  by  means  of  the  oxyhydrogen 
flame  agreed  more  completely  with  the  absorption  spectrum  represented  by 
Bahr  and  Bunsen  (No.  2  in  their  diagram)  than  the  spectrum  of  bright 
lines  figured  by  those  observers  (No.  3).  The  most  important  differences 
occurred  in  the  band  in  the  red,  which  showed  two  points  of  greatest 
brightness,  thns  forming  a  double  line  with  a  little  outstanding  light,  and 
the  line  in  the  green  at  G  5  of  the  scale,  which  was  double,  precisely  as  the 
corresponding  absorption-line  is  represented  in  spectrum  No.  2  of  the 
diagram. 

Idme. — ^The  experiments  were  made  with  the  cylinders  of  lime  prepared 
for  use  with  the  oxyhydrogen  blowpipe,  and  also  with  pieces  of  pure 
caustic  lime,  but  there  was  no  sensible  difference  presented  in  the  spec- 
troscope. 

The  bright  lines  consisted  of  a  double  line  in  the  green,  and  several 
bands  in  the  orange  and  red,  which  were  found  to  form  a  spectrum  iden- 
tical with  that  which  is  produced  when  chloride  of  calcium  is  heated  in  the 
flame  of  a  Bunsen's  burner. 

When  the  spectroscope  was  directed  to  a  point  in  the  flame  a  little 
above  the  incandescent  portion  of  the  lime,  the  Hues  appeared  beyond  the 
bright  continuous  spectrum,  showing  that  they  are  not  produced  by  the 
white-hot  solid  lime,  but  by  the  luminous  vapour  into  which  a  portion  of 
the  lime  has  been  converted  by  the  heat  of  the  flame. 

Magnena, — The  commercial  heavy  oxide  of  magnesium  was  made  into  a 
paste  with  distilled  water,  and  formed  into  a  small  pellet  upon  the  end  of  a 
platinum  wire.  The  pellet  of  magnesia  was  slowly  dried,  and  then  placed 
in  the  oxyhydrogen  flame.  I  was  surprised  to  see  a  spectrum  of  bright 
lines  precisely  similar  to  that  which  is  produced  by  lime.  Chloride  of 
magnesium,  when  introduced  into  the  Bunsen  flame,  gave  a  similar  spec- 
trum. I  record  these  results  as  the  oxide  and  chloride  were  those  sold  as 
pure.  I  found  afterwards  that  a  yery  small  trace  of  lime  may  be  detected 
in  magnesia  by  means  of  the  oxyhydrogen  flame. 

I  then  took  metallic  magnesium,  which  I  had  found  by  the  spectroscope 

to  be  nearly  pure,  and  formed  from  it  magnesia  and  chloride  of  magnesium. 

.  When  this  magnesia,  formed  into  a  small  ball  upon  a  wire,  was  sub« 
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jccted  to  the  oxyhydrogen  flame,  tiro  bright  buidi  were  nen  in  tbe  gnen. 
One  of  these  was  found  to  be  coinddent  with  the  triple  line  of  Fkaunhofer^a 
b,  which  distinguishes  magnesium,  and  the  other  with  a  group  of  bright 
lines  which  is  seen  between  b  and  F,  nearly  in  the  position  of  the  brightest 
double  line  of  nitrogen,  when  metallic  magnesinm  is  burnt  in  air. 

The  chloride  formed  from  magnesium,  when  introduced  into  the  Bnnsen 
flame,  gave  the  same  bands,  but  the  more  refrangible  band  was  eiceediogly 
faint. 

AVhen  an  induction-spark  was  taken  from  a  mrt  corered  with  cotton- 
wool soaked  with  a  solution  of  the  chloride,  the  lines  at  A  and  the  more 
refrangible  group  were  seen.  If  the  heating*power  of  the  spark  be  in- 
creased by  the  introduction  of  a  Leyden  jar,  the  band  between  A  and  F 
becomes  scarcely  distinguishable,  while  the  lines  peculiar  to  metallic  mag- 
nesium are  much  more  intense.  When  a  spark  is  taken  between  electrodes 
of  the  same  specimen  of  magnesium  from  which  the  chloride  was  formed, 
no  trace  of  this  band  was  detected. 

Baryta. — ^When  pure  caustic  baryta  is  subjected  to  the  heat  of  the 
oxyhydrogen  flame,  a  brilliant  spectrum  is  seen  identical  with  the  well^ 
known  spectrum  which  presents  itself  when  chloride  of  barinm  is  heated  in 
the  Bunsen  flame.  Baryta  furnishes  a  larger  quantity  of  Taponr  than  lime 
and  magnesia,  and  therefore  the  lines  could  be  traced  to  a  greater  distance 
from  the  solid  baryta. 

Strontia, — Pure  strontia  was  fused  into  a  large  bead  upon  a  platinum 
wire.  When  this  bead  was  heated  by  the  oxyhydrogen  flame,  the  same 
spectrum  of  bright  lines  presented  itself  as  is  seen  when  chloride  of 
strontium  is  placed  in  the  flame  of  a  Bunsen's  burner. 

Zirconia. — One  of  the  small  pellets  of  zirconia  prepared  in  France  for  use 
with  the  oxyhydrogen  blowpipe  was  found  to  give  no  trace  of  bright  lines. 
This  great  flxity  of  zirconia  as  compared  with  lime  is  in  agreement  with  the 
inalterability  of  the  substance  under  the  action  of  the  oxyhydrogen  flame 

Alumina, — Pure  alumina  treated  in  the  same  way  as  the  magnesia  gave 
a  continuous  spectrum  only,  without  any  trace  of  bright  lines. 

Clucina. — Glucina  gave  a  bright  line  in  the  red,  which  I  found  to  be 
due  to  potassium.  Glucina,  therefore,  appears  not  to  form  vapour  of  any 
kind  under  the  heat  of  the  oxyhydrogen  blowpipe. 

Titanic  acid  gave  a  continuous  spectrum  without  lines. 

Oxide  of  uranium  a  continuous  spectrum  without  lines. 

Tunystic  add  a  continuous  spectrum  without  bright  lines. 

Molyhdic  acid  a  continuous  spectrum  without  bright  lines. 

Silica  (precipitated)  a  continuous  spectrum  without  bright  lines. 

Oxide  of  cerium  a  continuous  spectrum  without  bright  lines. 

The  question  presents  itself  as  to  the  nature  of  the  vapour  to  which  the 
bright  lines  are  due  in  the  case  of  the  earths,  lime,  magnesia,  strontia,  and 
baryta.  Is  it  the  oxide  volatilized  ?  or  is  it  the  vapour  of  the  metal  reduced 
by  the  heat  in  the  presence  of  the  hydrogen  of  the  flame  7    The  esperi- 
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ments  show  that  the  luminous  yapour  is  the  same  as  that  produced  by  the 
exposure  of  the  chlorides  of  the  metals  to  the  heat  of  the  Bunsen  gas- 
flame.  The  character  common  to  these  spectra  of  bands  of  some  width,  in 
most  cases  gradually  shading  off  at  the  sides^  is  different  from  that  which 
distinguishes  the  spectra  of  these  metals  when  used  as  electrodes  in  the 
metallic  state*. 

Roscoe  and  Clifton  have  investigated  the  different  spectra  presented  by 
calcium,  strontium,  and  barium,  and  they  "  suggest  that  at  the  lower  tem- 
perature of  the  flame  or  weak  spark,  the  spectrum  observed  is  produced  by 
the  glowing  vapour  of  some  compound,  probably  the  oxide,  of  the  difficultly 
reducible  metal ;  whereas  at  the  enormously  high  temperature  of  the  in- 
tense electric  spark  these  compounds  are  split  up,  and  thus  the  true  spectrum 
of  the  metal  is  obtained.  In  none  of  the  spectra  of  the  more  reducible 
alkaline  metals  (potassium,  sodium,  lithium)  can  any  deviation  or  disap- 
pearance of  the  maxima  of  light  be  noticed  on  change  of  temperature  "f .  ^ 

As  the  experiments  recorded  in  this  paper  show  that  the  same  spectra 
are  produced  by  the  exposure  of  the  oxides  to  the  oxyhydrogen  flame, 
Boscoe  and  Clifton's  suggestion  that  these  spectra  are  due  to  the  volatiliza- 
tion of  the  compound  of  the  metal  with  oxygen  is  doubtless  correct. 

The  similar  character  of  the  spectrum  of  the  bright  lines  seen  when  erbia 
is  rendered  incandescent  would  seem  to  suggest  whether  this  earth  may  not 
be  volatile  in  a  small  degree,  as  is  the  case  with  lime,  magnesia,  and  some  other 
earths.  The  peculiarity,  however,  of  the  bright  lines  of  erbia,  observed  by 
Bahr  and  Bunsen,  that  they  could  not  be  seen  in  the  flame  beyond  the  limits 
of  the  solid  erbia,  deserves  attention.  My  own  experiments  to  detect  the 
lines  in  the  Bunsen  gas-flame,  even  when  a  very  thin  wire  was  used,  so  as 
to  allow  the  erbia  to  attain  nearly  the  heat  of  the  flame,  were  unsuccessful. 
The  bright  line  in  the  green  appears,  indeed,  to  rise  to  a  very  small  extent 
beyond  the  continuous  spectrum,  but  I  was  unable  to  assure  myself 
whether  this  appearance  might  not  be  an  effect  of  irradiation. 

It  is  perhaps  worthy  of  remark  that  the  chlorides  of  sodium,  potassium, 
lithium,  caesium,  and  rubidium  give  spectra  of  defined  lines  which  arc  not 
altered  in  character  by  the  introduction  of  a  Leyden  jar,  and  which,  in  the 
ease  of  sodium,  potassium,  and  lithium,  we  know  to  resemble  the  spectra 
obtained  when  electrodes  of  the  metals  are  used.  Now  all  these  metals 
belong  to  the  monad  group  ;  it  appeared  therefore  interesting  to  obserrc 
the  behaviour  of  the  other  metal  belonging  to  this  group. 

Chloride  of  silver  when  introduced  into  the  Bunsen  flame  gave  no 
lines.  The  chloride  was  then  mixed  with  alumina,  which  had  been  found 
to  give  a  continuous  spectrum  only,  and  exposed  to  the  oxyhydrogen 

*  For  the  spectra  of  metallic  strontium,  barium,  and  calcium,  see  Phil.  Trans.  18G-I, 
p.  148,  and  Plates  I.  and  II.  Both  forms  of  the  spectra  of  these  substances  are  repre* 
tented  by  Thalen  in  his  *  Spektralanalys.' 

t  Koteoe'a  Spectrum  Analysis,  p.  175,  and  Proc.  Lit.  &  Phil.  Soc.  Manchester,  April 
1, 1862.    See  also  A.  Mlticherlich,  *  Ueber  die  Spectren  der  Yerbindungen/  S.  10. 
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flame,  but  no  lines  were  yisible.  When,  howeTer,  ibe  mourtcned  chloride 
l^as  placed  on  cotton  and  subjected  to  the  induction-spark  without  a 
jar,  the  true  metallic  spectrum  was  seen,  as  when  silyer  electrodes  are 
used. 

The  behaTiour  of  silver,  therefore,  is  similar  to  that  of  the  other  metals 
of  the  monad  group.  Now  the  difference  in  basic  relations  which  is  known 
to  exist  between  the  oxides  of  the  monatomic  and  polyatomic  metals  would 
be  in  accordance  with  the  distinction  which  the  spectroscope  shows  to  exist 
in  the  behaviour  of  the  chlorides ;  the  chlorides  of  the  poljatomic 
metals  would  be  more  likely  to  split  up  in  the  presence  of  water  into 
oxides  and  hydrochloric  acid. 

In  the  case  of  some  of  the  oxides  and  chlorides,  one  or  more  of  the  lines 
appeared  to  agree  with  corresponding  lines  in  the  metallic  spectra ;  it  may 
be,  therefore,  that  under  some  circumstances,  as  in  the  case  of  magnesium 
burning  in  air,  the  metallic  vapour  and  the  volatilized  oxide  may  be  simul- 
taneously present. 

Dr.  Reynolds**  Experiments, 

"  After  you  observed  the  occurrence  of  tvfo  bright  lines  in  the  spectrum 
of  the  light  emitted  by  incandescent  lime,  you  recollect  we  idenUiied  these 
as  belonging  to  calcium.  At  the  time  we  supposed  that  these  lines  were 
produced  by  the  ignition  of  the  vapour  of  some  volatile  calcium  com- 
pound probably  present  as  an  impurity  in  the  sample  of  limes  used  in  the 
experiments.  If  this  explanation  was  found  to  be  true  for  lime,  the  bright 
lines  seen  in  the  spectrum  of  erbia  might  possibly  be  accounted  for  in 
a  similar  manner.  In  order  to  examine  the  matter  fully,  I  arranged  the 
experiments  described  below. 

''  I  selected  two  oxides  for  comparison  with  erbia,  viz.  lime  and  magnesia. 
As  it  seemed  desirable  to  prepare  these  oxides  in  precisely  the  same  manner 
as  the  erbia,  some  calcium  and  magnesium  nitrates  were  made  chemically 
pure  to  ordinary  tests,  and  then  used  in  the  preparation  of  the  respective 
oxides. 

"  The  oxy hydrogen  flame  was  employed  as  the  chief  source  of  heat.  The 
hydrogen  was  made  from  zinc  and  sulphuric  acid  in  the  usual  way,  and  the 
oxygen  from  potassium  chlorate.  As  both  gases  are  certain  to  be  con- 
taminated with  traces  of  acids,  I  took  the  precaution  of  passing  each  gas 
through  a  long  tube  filled  with  fragments  of  solid  potassium  hydrate.  If 
this  plan  were  not  adopted,  the  traces  of  acid  which  would  find  their  way 
into  the  hydrogen  or  oxyhydrogen  flame  might  produce  volatile  compounds 
with  the  earths,  and  so  lead  to  mistakes. 

**  1 .  Experiments  with  Magnesia, — A  loop  of  stout  platinum  wire  was 
moistened  with  svrupy  phosphoric  acid,  and  some  magnesium  nitrate 
made  to  adhere.  The  nitrate  was  then  heated  in  the  hydrogen  flame,  and 
a  residue  of  magnesia  obtained.  No  lines  were  observed  in  the  spectrum 
of  the  li(i;ht  emitted  by  the  incandescent  earth,  and  when  the  latter  was  in* 
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tenaely  heated  ia  the  pxyhydrogen  jet  only  a  continuous  spectrum  was 
seen*. 

'*  2.  ExperimenU  with  Idme. — ^A  platinum  wire  of  the  same  thickness  as 
the  last  was  moistened  with  the  phosphoric  add,  some  calcium  nitrate  was 
then  taken  up  in  the  loop>  and  heated  in  the  hydrogen  flame  until  a  residue 
of  lime  was  obtained.  At  the  outset  the  calcium-spectrum  was  obserredi  but 
the  light  speedily  gave  only  a  continuous  spectrum.  The  lime  and  loop  of 
wire  were  kept  well  enveloped  in  the  hydrogen  flame  for  nearly  half  an  hour 
in  order  to  ensure  the  complete  decomposition  of  the  nitrate.  During  this 
time  no  lines  could  be  detected  on  the  background  of  the  continuous 
spectrum,  or  in  the  spectrum  of  the  flame  surrounding  the  lime.  More 
hydrogen  was  now  turned  on  and  oxygen  slowly  admitted,  the  light  being 
examined  with  the  spectroscope  during  the  time.  When  the  proportion  of 
oxygen  had  reached  a  certain  point,  faint  traces  of  the  two  brightest  Ca 
lines  appeared  on  the  bright  background,  and  the  intensity  of  these  lines 
increased  with  the  amount  of  oxygen  admitted  up  to  a  definite  extent. 
When  a  certain  proportion  of  oxygen  was  exceeded,  the  lines  became  less 
distinct.  The  best  results  were  obtained  when  the  hydrogen  was  decidedly 
in  excess  of  the  oxygen  in  the  flame,  that  is  to  say,  more  than  in  the  pro- 
pprtbn  of  2 : 1 . 

*'  When  the  slit  of  the  spectroscope  was  pointed  in  such  a  way  that  only 
the  light  from  the  flame  surrounding  the  incandescent  lime  entered  the 
instmmimt,  all  the  Ca  lines  and  bands  were  observed  with  great  ease  with- 
out a  continuous  spectrum.  On  looking  at  the  mantle  of  flame  with  the 
naked  eye  it  was  easy  to  perceive  a  reddish  tinge.  I  next  maintained  the 
small  fragment  of  lime  at  the  highest  temperature  its  supporting  wire  was 
capable  of  resisting  for  three  hours ;  at  the  end  of  this  time  the  Ca  lines 
were  as  strongly  marked  as  before,  and  the  lime  on  the  wire  had  very 
appreciably  diminished  in  amount.  The  same  results  were  obtained  when 
no  phosphoric  acid  was  employed  to  attach  the  calcium  nitrate  to  the  wire 
in  the  first  instance. 

"Again,  a  piece  of  well-burned  quicklime,  of  very  small  size,  was  heated 
alone  on  a  platinum  wire  for  more  than  an  hour,  and  the  bright  Ca  lineef 
were  seen  during  the  whole  time. 

"  From  the  results  of  these  experiments,  we  must  draw  the  conclu8ions(l) 
that  when  lime  is  sufficiently  heated  the  light  which  it  emits  is  derived  in 
part  from  the  incandescent  solid,  and  partly  from  ignited  vapour ;  (2)  that 
lime  is  either  volatile  as  such»  or  that  in  the  first  instance  it  suffers  reduc- 
tion by  the  excess  of  hydrogen  in  the  flame,  the  luminous  vapour  of  calcium 
then  giving  its  own  peculiar  spectrum. 

"  3.  JSxperiments  with  Erbia. — ^The  specimen  of  erbium  nitrate  which 

*  "  Since  writing  the  tbove,  I  have  succeeded  in  observing  the  bright  lines  described  by 
Mr.  Hnggint  u  occnmng  in  the  spectrum  of  the  flame  surroun^g  the  incandescent 
BiagneBa.  In  the  earlier  experiments  I  probably  admitted  too  much  oxygen  to  the 
mixed  gas-flame  in  the  first  instance." 
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you  kindly  gave  me  was  attached  to  a  pktinnm  loop  with  fynpy  ph 
phoric  acid  as  usual,  and  decomposition  of  the  salt  effected  in  the  plain 
hydrogen  flame.  After  heating  for  a  short  time  in  tfaia  way,  the  chief 
grecQ  line  of  erbia  became  visible,  but  teen  upon  the  continnoos  spectram. 
Oxygen  was  now  turned  slowly  into  the  flame.  Aa  the  temperatore  roae, 
two  of  the  other  bright  lines  of  the  earth  were  seen.  The  beat  obaerra- 
tions  were  made  when  the  ozyhydrogen  flame  had  hydrogen  in  excess, 
and  the  erbia  was  kept  in  such  a  position  that  it  was  very  stnmg^y  ignited. 
The  erbia  lines  were  most  distinctly  seen  when  the  dit  of  the  apectioaeope 
took  in  the  light  from  the  extreme  edge  of  the  incandescent  aolid*  When 
the  bright  lines  were  best  observed,  the  continuous  spectrum  was  relatively 
faint.  Again,  when  the  slit  was  made  to  cutlthe  edge  of  the  ignited  bead 
of  the  earth,  the  strong  green  line  of  erbia  was  seen  to  extend  to  a  very 
small  but  appreciable  distance  above  or  below  (as  the  case  might  be)  the 
continuous  spectrum.  I  could  only  observe  this  for  the  strong  line.  I 
failed  to  get  any  trace  of  lines  in  the  spectrum  of  the  flame  beyond  the  in- 
candescent erbia. 

"The  erbia  was  next  heated  in  the  oxyhydrogen  flame  to  the  ma^mi^m 
temperature  that  the  wire  would  bear  for  three  and  a  half  houre,  but  the 
green  line  was  seen  to  be  just  aa  strongly  marked  at  the  end  aa  at  the 
beginning  of  the  experiment.  The  bulk  of  the  erbia  was  so  much  reduced 
by  this  treatment,  that  I  have  now  scarcely  a  trace  left. 

"  From  the  results  of  these  experiments,  I  think  we  must  conclude  (1) 
that  the  light  emitted  by  incandescent  erbia  is  derived  chiefly  from  the 
ignited  solid,  but  that  the  bright  lines  observed  in  its  spectrum  have  as 
their  source  a  luminous  vapour  of  extremely  low  tension  at  even  the 
highest  temperature  of  the  oxyhydrogen  flame ;  (2)  that  this  interrupted 
spectrum  belongs  either  to  erbium  or  to  its  oxide. 

"If  these  conclusions  are  true,  it  follows  that  erbia  is  not  an  exception 
to  the  ordinary  law. 

"  It  would  appear  that  in  these  experiments  three  substances  have  been 
employed,  varying  in  their  degree  of  volatility.  At  the  temperature  of  the 
oxyhydrogen  flame  magnesia  appears  to  be  less  volatile  than  lime ;  but  I  am 
in  doubt  what  relative  volatility  to  assign  to  erbia,  since  its  spectrum  uf 
bright  lines  can  be  seen  when  the  earth  is  heated  in  the  plain  hydrogen 
flame,  and  yet  at  the  much  higher  temperature  of  the  oxyhydrogen  jet  the 
volume  of  luminous  vapour  does  not  appear  to  materially  increase. 

"  Finally,  we  have  yet  to  learn  whether  or  not  in  all  these  cases  reduction 
of  the  oxide  precedes  volatilization ;  if  reduction  takes  place,  the  luminous 
vapour  must  be  that  of  the  metal.  The  settlement  of  this  question 
would  no  doubt  be  very  difficult.  But  I  rather  incline  to  the  view  thai  the 
vapour  whose' spectrum  is  obtained  on  igniting  these  earths  is  that  of  the 
metal;  for  I  find  that  the  bright  lines  are  most  easily  observed  when 
hydrogen  is  present  in  excess  in  the  oxyhydrogen  flame.  Moreover,  the 
actual  amount  of  matter  volatilized  on  very  prolonged  heating  is  really  very 
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smallf  and  this  circumstance  a])pears  to  fayour  the  Tiew  that  a  slow  surface- 
reduction  b  in  progress." 

XII.  ''  On  the  Values  of  the  Integrals  j   Q^  Qn'j  d^,  Qn>  Qn'  being 

Laplace^s  Coe£Scients  of  the  Orders  n^  ri^  with  an  application 
to  the  Theory  of  Radiation."  By  the  Hon  J.  W.  Strutt, 
Fellow  of  Trinity  College,  Cambridge.  Communicated  by  W. 
Spottiswoode^  F.R.S.    Received  May  17, 1870. 

(Abstract.) 

These  integrals  present  themselves  in  calculations  dealing  with  arbitrary 
functions  on  the  surface  of  a  sphere  which  vary  discontinuously  in  passing 
from  one  hemisphere  to  the  other.  When  n,  n'  are  both  even  or  both  odd, 
the  values  of  the  integrals  may  be  immediately  inferred  from  known 
theorems  in  which  the  integration  extends  from  —  1  to  -f  1,  or  over  the 
whole  sphere ;  otherwise  a  special  method  is  necessary.  In  the  present 
paper  a  function  of  two  variables  is  investigated,  which,  when  expanded, 
has  for  coefficients  the  quantities  in  question.  As  an  example  of  the 
method,  the  problem  is  taken  of  a  uniform  conducting  sphere  exposed  to 
the  heat  proceeding  from  a  radiant  point.  It  will  appear  at  once  that 
the  heat  received  by  any  element  of  the  surface  is  expressed  by  different 
analytical  functions  on  the  two  hemispheres — a  source  of  discontinuity 
which  renders  necessary  a  special  treatment  of  the  problem.  The  solu- 
tion is  afterwards  generalized  to  meet  the  case  of  a  sphere  exposed  to  any 
kind  of  radiation  from  a  distance. 

One  remarkable  result  not  confined  to  the  sphere  is,  that  the  effect  of 
a  radiation  which  is  expressed  by  one  or  more  harmonic  terms  of  odd 
order  is  altogether  nil,  with  the  single  exception  of  the  term  of  the  first 
order. 

XIIL  "  Note  on  the  Construction  of  Thermopiles.^'    By  the  Earl  op 

RossE,  F.R.S.     Received  June  14,  1870. 

Although  in  the  measurement  of  small  quantities  of  radiant  heat  by 
means  of  the  thermopile  much  may  be  done  towards  increasing  the  sensi- 
bility of  the  apparatus  by  carefully  adjusting  the  galvanometer  and  ren- 
dering the  needle  as  nearly  astatic  as  possible,  there  must  necessarily  be 
some  limit  to  this,  and  it  therefore  appears  desirable  that  the  principles  on 
which  thermopiles  of  great  sensibility  can  be  constructed  should  also  be 
carefully  attended  to. 

With  the  view  of  obtaining  a  pair  of  thermopiles  of  greater  sensibility 
and  of  more  equal  power  than  I  had  been  able  to  procure  ready  made,  I 
made  a  few  experiments  with  various  forms  of  that  instrument,  and  I  was 
led  to  the  conclusion  (one  which  might  have  been  foreseen)  that  the 
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sensibility  of  the  thermopile  id  much  incl^eafl^d  bj  redtiHiotl  of  its  naas, 
and  more  especially  by  a  diminution  of  the  cross  section  6f  the  elements. 

To  obtain  a  clear  idea  of  the  problem  before  us,  which  is,  how  to  con- 
struct the  thermopile  so  that,  with  a  given  amount  of  radiant  heat  falling 
on  its  face,  the*  greatest  current  may  be  sent  through  the  galyanometer, 
let  us  consider  the  thermopile  under  two  different  conditions  :-^ 

1 .  With  the  circuit  open. 

2.  With  the  circuit  complete. 

In  the  first  case,  when  radiant  heat  falls  on  the  face  of  the  pile,  the 
whole  mass  of  metal  rises  in  temperature,  the  rise  being  greatest  at  the 
anterior  face,  and  less  and  less  as  you  approach  the  other  end.  This  rise 
of  temperature  will  increase  till  the  heat  radiaited  from  the  anterior  fice, 
together  with  that  which  traverses  the  depth  of  the  pile  and  is  radiated 
from  the  posterior  face,  is  just  equal  to  that  radiated  to  the  anterior  face 
at  that  moment,  or  when 

where  (t,  t!)  are  respectively  the  temperatures  of  the  anterior  and  posterior 
face,  s,  I  the  cross-section  and  depth  of  the  pile,  e  proportional  tO  the 
mean  conductibility  of  the  material  df  the  pile,  (Q)  the  quantity  of  heat 
falling  on  the  pile  in  a  uiiit  of  time,  and  (h)  a  constant. 

Let  us  now  suppose  the  circuit  completed,  and  we  shall  have,  in  addi* 
tion  to  the  above,  two  causes  operating  to  reduce  the  temperature  of  the 
Anterior  face, — the  abstraction  of  heat  by  the  electric  current,  and  proper* 
tional  to  that  current  =LI,  where  I  is  the  intensity  of  the  current  and 
L  a  constant,  then  there  will  be  equilibrium  when 

8C 

k(t+^)  +  U=ht+  -^(e-f)+  LI=Q; 

It  is  quite  clear  therefore  that  if  Q  be  constant,  I  will  become  the  larger 
the  smaller  the  other  two  terms  become  ;  and  therefore  as  long  as  the  first 
term  continues  small  compared  with  the  remaining  terms,  and  the  resist- 
ance in  the  pile  is  very  small  compared  with  that  in  the  rest  of  the  cir- 
cuit, we  shall  increase  the  intensity  of  the  current  by  every  reduction 
of  the  cross-section  of  the  elements  of  the  thermopile. 

There  is  another  point  which,  though  less  important,  cannot  be  entirely 
lost  sight  of,  namely,  that  the  more  we  reduce  the  mass  of  the  anterior 
face  and  adjacent  parts  of  the  pile,  the  more  rapidly  will  the  temperature 
rise  to  its  state  of  equilibrium,  and  therefore  the  more  convenient  will  it 
be  for  use  where  the  needle  is  liable  to  disturbances  from  varioua  causes, 
and  where  consequently  the  more  speedily  the  needle  can  be  brought  to 
rest,  the  more  accurately  will  its  observed  motion  be  a  measure  of  the 
radiant  heat  falling  at  that  moment  on  the  face  of  the  pile. 

Let  us  now  compare  the  case  of  a  single  pair  of  small  cross-section 
with  a  metal  disk  soldered  to  the  junction  of  the  two  bars,  and  of  auffi* 
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deiii  ske  to  catch  all  the  radiant  heat  required  to  be  mtiasdred,  with 
that  of  a  pile  of  (n)  pairs,  each  of  equal  dimeDsionJi  with  those  of  the 
silled  paii,  the  area  of  face  being  the  same  in  the  two  cases. 

By  iiicrfeksing  the  nuthber  of  elements  from  one  to  n,  we  increase  the 
ilamber  df  solderings  in  that  proportion;     consequentlj  the  arerage 

ibnonnt  of  heat  reaching  any  soldering  is  -  as  great  as  that  reaching  the 

soldering  df  the  single  pair ;  therefore,  if  the  same  percentage  of  the 
total  heat  be  lost  by  conduction,  the  total  electromotire  force  is  the  same 
in  the  two  tases.  But  inasmuch  as  the  total  cross-section  of  metal  to 
coiiduct  the  heat  away  from  the  anterior  face  is  n  times  as  great  in  the 
pile  as  In  the  pair,  and  the  resistance  of  the  pile  is  n  times  as  great  as 
that  df  the  pair,  the  pile  will  be  inferior  in  power  to  the  pair,  unless 
tkese  two  causes  of  inferiority  are  counterbalanced  by  the  loss  due  to  the 
greater  average  distance  to  the  soldering  from  the  points  where  the  heat 
teaches  the  face,  in  the  case  of  the  pair,  than  that  of  the  pile  of  n  pairs. 

The  experiments  already  referred  to  were  made  with  three  different 
thermoelectric  pairs.  These  consisted  each  of  a  pair  of  bars  of  bismuth 
aiid  an  alldy  of  twelve  parts  of  bismuth  and  one  part  of  tin  of  different 
thicknesses,  of  about  equal  lengths  in  each  case,  and  soldered  about  |  inch 
apart  upright,  on  disks  of  sheet  copper  of  |  inch  diameter.  A  slip  of  wood 
wa$  placed  between  the  two  bars,  to  protect  them  from  injury,  and  to  which 
they  were  fixed  with  thread.  The  three  piles  were  compared  with  a  pile  of 
four  elements,  made  by  Messrs.  Elliott,  and  the  deviation  due  to  the  latter 
being  taken  equal  to  unity,  the  following  deviations  were  obtained  for  the 
three  thermo-pairs : — 


I. 
II. 

III. 


Weight  of 
disk  face. 


8    grains 
i  grain 


Weight  of 
two  bars. 


42  grains 


i» 


it 


Deriation. 


1-35 
3-23 


Metals  employed. 


Bismuth,  antimony. 
Bismuth  i^'^^^^^' 


\   tm-iV. 


Bismuth  * 


Bismuth, 
i    tin-iV- 


A  heavy  and  a  light  pile  were  also  compared,  taking  the  interval  be- 
tween raising  and  depressing  the  screen,  first  =|  minute,  and  then  =2 
minutes  ;  and  it  was  found  that,  in  the  first  case, 

Deviation  due  to  light  pair  _,  ^.g  , 
Deviation  due  to  heavy  pair 


and,  in  the  second  case. 

Deviation  due  to  light  pair 


Deviation  due  to  heavy  pair 


=  2-9; 
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80  that  the  light  pur  arrived  nther  more  iqndly  at  the  conJitinn  of  eqiii- 
libriam  than  the  heavier  pair. 

Although  the  above  ezperimenta  are  ftr  leie  compkto  fhia  .1  eould 
have  wished,  they  are  suffideiit  to  show  that  the  ■iBMihilitj.of  thono- 
piles  may  be  considerably  increased  by  diminntion  of  the  aeelioii  of  tha 
bars  composiog  them ;  whether  they  may  be  with  advantage  rednced  to  a 
greater  extent  than  I  have  already  done  I  cannot  aaj,  bat  I  am  inaBned 
to  think  that  they  may.  I  have  ascertained  from  Heainu  Bliott  tliat  the 
alloys  used  by  them  in  the  construction  of  thermopile^  at  the  time  when 
I  received  mine  from  them»  were  32  parts  of  bismnth  +1  p^rt  of  anti* 
mony,  and  14i}>  of  bismuth  +1  part  of  tin.  .  If  aUowanoe  be  made  for  the 
substitution  of  the  first  of  these  two  alloys  for  pore  bbmuth*  tho  differ- 
ence between  Elliott's  pile  and  the  pairs  II.  &  lU.  will  be  rather  greater. 
The  pile  by  Messrs.  Elliott,  if  made  of  the  same  metals  as  I  employed^ 
would  have  been  reduced  in  power  from  1  to  0*9. 

The  construction  of  thermo-eoaples»  on  the  plan  I  have  deaeribedt  is 
comparatively  easy.  In  about  two  honrs  I  was  able  to  make  one^  and  in 
more  experienced  hands  their  constmcUon  woold  be  still  easier. 

An  experiment  was  made  with  one  of  the  {ules  to  ascertain  wfaethoTs 
when  the  heat  was  not  directed  centrally  on  ihe  pile^  mndi  dimiiiiition  of 
power  would  take  place.  There  was  less  deviation  in  conseqnoAce  of  the 
increase  of  the  mean  distance  which  the  heat  had  to  travel  before  it 
reached  the  soldering ;  but  I  believe  that  this  defect  might  be  remedied, 
probably  without  diminution  of  the  power  of  the  pOe,  by  increasing  the 
thickness  of  the  face,  and  leaving  the  dimensions  of  the  bars  the  same. 
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the  great  induction-coil  at  the  Boytl 

Polytechnic,  66. 
Phenyl,  on  parasulphide  of,  642. 


INDEX. 


561 


Ph^tiological  changes  induoed  in  the  hu- 
man economy  by  change  of  climate,  518. 

Pneumoga^tric  neryes,  ducidation  of  the 
functions  of,  840. 

Ponoelet  (J.  Y.),  obituary  notice  of,  i. 

*  Porcupine '  dredging-expedition,  98, 99 ; 
notice  of,  106  ;  report,  897. 

Porrett  (R.),  obituary  notice  of,  ir. 

Presents  (List  of),  94,  99, 116, 120,  ISO, 
144,  165,  171,  251,  835,  893. 

Pressure  on  the  nerves,  effects  of,  842. 

Proctor  (B.  A.),  preliminary  paper  on  cer- 
tain drifting  motions  of  the  stars,  169. 

Propane,  on  the  deriyatires  of,  29. 

PnJse,  the,  influence  of  tropical  climate 
on,  525. 

I^pxMulphuric  chloride,  on  the  properties 
and  several  reactions  of,  511. 

Qnantics,  ninth  memoir  on,  848. 

Badiation,  mathematical  application    to 

the  theory  of,  558. 
Bankine  (\^.  J.  M.)  on  the  mathematical 

theory  of  stream-lines,  especially  those 

with  four  foci  and  upwards,  207. 
,  on  the  thermodynamic  theory  of 

wayes  of  finite  longitudinal  disturbance, 

80,  122. 
,  remarks  on  Mr.  Heppell's  theory  of 

continuous  beams,  178. 
Bansom  (W.  H.)  admitted,  498. 
Battray  (A.)  on  some  of  the  more  im- 
portant physiological  changes  induced 

in  the  human  economy  by  change  of 

climate,  as  from  temperate  to  tropical, 

and  the  reverse,  513. 
Befraction-equiyalents  of  the  elements,  on 

the,  49. 
B^gnault  (H.  Y.),  Copley  medal  awarded 

to,  107 ;  his  researches,  108. 
Bespiration,  influence  of  tropical  climate 

on  the,  514. 
Beynolds,  spectrum  experiments,  505. 
Bhisopodal  fauna  of  the  deep  sea,  on,  59. 
Boget  (P.  M.),  obituary  notice  of,  xxyiii. 
Roscoe  (H.  £.),  researches  on  vanadium  : 

Part  IT.,  87 ;   Part  III.,  preliminary 

notice,  316. 
Bosse  (£arl  of),  note  on  the  construction 

of  thermopiles,  553. 
Boyal  Medal  awarded  to  Sir  T.  Maclear, 

109;  to  A.  Matthiessen,  111. 
Boyston-Pigott  {Gt.  W.)  on  an  aplanatic 

searcher,  and  its  effects  in  improving 

high-power  definition  in  the  microscope, 

827. 
Busscll  (W.  H.  L.)  on  linear  differential 

equations,  118. 
on  linear  differential  equations  (No. 

II.),  210. 
on  the  mechanical  description  of 

curves,  72. 


Sabine  (G^n.  Sir  E.),  results  of  the  first 
year's  performance  of  the  photographi- 
cally self-recording  meteorological  in- 
struments at  the  Central  Observatoiy 
of  the  British  system  of  Meteorological 
Observations,  8. 

,  contributions  to  terrestrial  magnet- 
ism :  No.  XII.  The  magnetic  survey  of 
the  British  Islands,  reduced  to  the  epoch 
of  1842-5,  532. 

Saline  solutions,  on  supersaturated,  588. 

Sea-water,  observations  on  samples  of, 
481 ;  analyses  of,  488. 

Schorlemmer  (C.)  on  the  derivatives  of 
propane,  29. 

,  researches  on  the  hydrocarbons  of 

the  series  C^H2^^.2* — ^^'  ^'  ^  ^^J^ 
compounds,  25. 

Scotch  granites  compared  with  those  of 
Denial,  813. 

Scott  (R.  H.)  admitted,  498. 

on  the  connexion  between  oppo- 
sitely disposed  currents  of  air  and  the 
weather  subsequently  experienced  in  the 
British  Islandb,  12. 

Shanks  (W.),  fourth  and  concluding  sup- 
plementary paper  on  the  calculation  of 
the  numerical  value  of  Euler's  con- 
stant, 49. 

Shells,  observations  on  the  mode  of  growth 
of  turbinated  and  discoid,  529. 

Shoulder,  on  a  group  of  varieties  of  the 
muscles  of  the,  1. 

Silver,  on  fiuoride  of,  157. 

Skull,  human,  an  inquiry  into  the  varia- 
tions of  the,  35. 

Smyth  (C.)  on  supra-annual  cycles  of 
temperature  in  the  earth's  surface-crust, 
811. 

Sodium,  on  the  successive  action  of,  on 
acetic  ether,  91.228. 

Solar  prominences,  spectroscopic  observa- 
tions of  the,  62,  119,  855. 

Sorby  (H.  C.)  un  some  remarkable  spectra 
of  compounds  of  zirconia  and  the  oxides 
of  uranium,  197. 

Spectra,  gaseous,  researches  on  (Note  III.), 
79. 

Spectra,  remarkable,  of  compounds  of  zir- 
cqnia  and  the  oxides  of  uranium,  197. 

Spectroscopic  observations  of  solar  eclipse, 
181. 

Spectroscopic  observations  of  solar  pro- 
minences, 62,  119,  855. 

Spectroscopic  observations  of  the  nebula 
in  Orion  and  of  Jupiter,  242 ;  of  Argo, 
245. 

Speculum,  effects  of  varnish  on  a,  219. 

Sphygmograph,  on  the  relative  duration  of 
the  component  parts  of  the  radial  trace 
in  health,  851. 

—^  tracings  showing  e£fect  of  alcohol  on 
the  pulse,  870. 


Sim,  on  eotun  drifting  MoliaBa«fti 

162. 
,  on  the  hwtingi-pamn  of,  1B9. 


Blmhoiua  (J.),  note  on  oartain  lidMO*^ 

222. 
on  f oif umulino  md  ftirihriolnidliio, 


Stewart  (B),  molU  of  the  n 


AprU  1863  to  Muah  1869  inolauTB, 
£31. 


Btotie<(E,  J.),approiiinal«da 
of  the  hceting-poira]  ' 
a  Ljne,  IW. 

of,  207. 
Btrontia,  note  on  ths  ipeotrani  of^  MS. 
Strutt  (Hon.  J.  W.}  on  Um  raluM  of  the 

inUgnli  \    Q,  Q^,  ii^  q.  Q^  bmg 


StjrolTl-iithjl  ethrr,  li8. 

Buez  Uaoal,  lome  accouat  of,  132. 

Sulpliocjanide*,  praenM  of,  in  tjie  blood 


■ndu: 


le,  16. 


Bolpliunc  >Dh;rdride,  on  the  action  of,  on 
Mveral  chlorine  and  aulphur  com- 
pounds,  SOi. 

Blilphuric  anhydride,  action  of,  on  carbo- 

nto  tetrachloride,  G04 )  on  cJUorolbmi, 

506  i  on  heiaihliirbeniol,  SU7  ;  on  p«r- 

chlorinatrd  chlorido  of  ethjlene^  6U7 ; 

on  carbonic  ditulphids,  508  ;  on  phoi- 

pboroui  chloride,  510. 
Bun,  eclipae  of,  in  (Jolted  SMm,  179. 
■ ,  reaeuchea  oa  gueoiu  iptctn  o^ 

79. 
,  Bpeclroacopio  obaerrationa  of  i  No. 

v.,  74)  No.  Vl.,  364. 
Bnperutursted  aaline  aolutiona,  on,  533. 
BympikUietio  nerrw,  obaerrationa  on,  341. 


Tdeacope,  great  Melbourne,  account  of  the, 
104,  216;  apeotroscopic  obeerratioiia 
with,  242  I  notice  of  ita  erection,  and 
obaerration  of  nebula  therewith,  104. 

,  refractor  and  reSector  for  apectro- 

acopic  obMTTationa,  canstroctea  at  the 
cost  of  the  Royal  Society,  notice  of,  105. 

Tompenture  of  the  deep  ees,  repneented 


hj  diagrama,  467-160. 


Temperatim  of  the  hnnun  bodj  aa  til4 
footed  bj  alcohol,  361.  * 

of  the  liuman  body,  inflnenoe  of  t( 

pical  climate  on.  6^6. 

of  the  (trelo  m  Koae  Bridge  Colli 

,  on  supra-annual  cjdea  of,  ia  the 

earth's  Burlace-erust,  311. 
Termtrial  gslvaiiic  currents,  comparison 

□f  magnetic  diaturbancci  with  msgnetio 

eC-cls  infer.'wl  from,  1B4. 
Terrestrial  msgneliaoi,    ronlributiODl    Uf  J 

(Ila.Xll.).o3i.  'm 

Tclrflbmm-eTerniB  acid.  22S,  fl 

for  decp-s™  lempi-raliue^^ 


897. 

,  aiientiflc  eiplonition  of  the  deep  lea 

in  U.M.  auiTeyiDg-Teaael  'Porcupine,' 

isey,  yB,3»7. 

Thorpe  (T.  E.}  on  the  action  of  bromine 

upon  ethjlbeniol,  123. 
TodiiDoter  (1.)  on  Jacohi'a  theorem  re- 

epecting  the  relative  equilibrium  of  a 

rerolriog   rllipaoid  of  fluid ;    and   on 

iTorj'a    diacuaiioR    of    the    theonan, 

171. 
Tomlinson  (C.)  on  auperaatuimlod  aaline 

aotutioDa(F>rtIT.],633. 
Turbinated  ahella,  on  the  mode  of  growtli 

of,  52y. 
TfndaU  (J.)  on  the  action  of  reja  of  high 

reftaugibilitj  upon  gaseoua  matter,  176. 

TJraninm,  apectra  of  oiide*  of,  197. 
XThoe,  on  the  preaenoe  of  aulphocjinidaa 

in  the,  16. 
Uanala  ofaodinm,  224. 
Uanioadd,  223,  2S6. 

Ta^us  nerre,  aathenia  producod  by  dm*- 

aure  of,  342. 
Tauadal^  metallic,  318. 
Vanadium,  reesarchea  oti;  Part  11.,  B7j 

chloridee  of,  SB;  Part  III.,  816. 
TibraCiun,  od  approach  cauwd  bj,  93. 
Tice-preaidenta  appointed,  116. 
Tiaion,  on  the  organa  of,  in  the  oommon 

mole,  322. 
Voelcker  (A.)  admitted,  483. 
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Wnlker  (E.)  admitted,  94. 

"Waller  (A.)  on  the  results  of  the  method 
introduced  by  the  author  of  iuTesti- 
gating  the  nervous  system,  more  espe- 
dalW  as  applied  to  the  elucidation  of 
the  functions  of  the  pneumogastric  and 
sympathetic  nenres,  389. 

'Wankiyn  (J.)  on  the  successive  action  of 
sodium  and  iodide  of  ethyl  on  acetic 
ether,  91, 118. 

"Ward  (N.  B.),  obituary  notice,  of,  ii. 

Wayes  of  finite  longitudinal  disturbance, 
on  the  thermodynamic  theory  of,  80, 
122 ;  supplement,  82,  122. 


Weather,  on  the  connexion  between,  and 
oppositely  disposed  currents  of  air,  12. 

Wheatstone  (Sir  C.)  on  a  cause  of  error  in 
electroscopio  experiments,  830. 

Wilks  (Dr.)  admitted,  493. 

Wood  (J.)  on  a  group  of  yaricties  of  the 
muscles  of  the  human  neck,  shoulder, 
and  chest,  with  their  transitional  forms 
and  homologies  in  the  mammalia,  1. 

Wright  (C.  R.  A.)  on  the  action  of  hy- 
drocliloric  acid  on  codeia,  83. 

Zirconia,  note  on  the  spectrum  of,  548. 
,  spectra  of  compounds  of,  197. 


END  OF  THE  EIQETEEITTH  TOLTIMX. 


FBINTED   BY  TAYLOR  AND   rBANCIBy 
BED  LION  COUBTy  f  LEET  STBEET. 


OBITUARY  NOTICES  OF  FELLOWS  DECEASED. 

Jean  Victor  Poncelet,  Foreign  Member  of  the  Royal  Society,  was 
born  at  Metz  on  the  1st  of  July,   1788.     After  having  studied  Mathe- 
matics for  two  years  at  the  Lyc^e  Imperial  of  Metz,  he  was  admitted  to 
the  Ecole  Polytechnique,  where  he  remained  till   1810,  his  studies  in 
the  meanwhile  having  been  interrupted  by  a  serious  illness.      He  then 
entered  the  £cole  d'Application  of  Metz  as  Sublieutenant  of  Engineers, 
and  left  it  in  March  1812,  in  order  to  assist  in  constructing  the  defen- 
sive works  of  Ramekens  in  the  island  of  Walcheren.     His  first  engineering 
work  here  was  the  erection  of  a  casemated  fort  in  a  very  limited  time,  on 
a  peat  soil,  without  having  at  his  command  proper  materials  for  a  foundation. 
In  the  month  of  June  1812  he  was  called  away  to  take  part  in  the  Rus- 
sian campaign,  and  joined  the  invading  army  at  Yitepsk.     On  the  18th  of 
August  he  reconnoitred  Smolensk,  exposed  to  the  fire  of  the  garrison,  and 
afterwards  took  an  active  share  in  the  battle  fought  the  same  day.    On  the 
1 9th  he  was  employed  in  throwing  bridges  over  the  Dnieper  below  Smolensko, 
under  the  fire  of  the  Russian  batteries  on  the  opposite  bank  of  the  river. 
Deceiving  the  enemy  by  an  ostentatious  display  of  preparations  for  cross- 
ing at  a  particular  spot,  he  succeeded  in  constructing  bridges  at  other 
points  better  protected  from  the  Russian  fire.     During  the  retreat  from 
Moscow,  at  Krasnoi,  not  far  from  Smolensko,  seven  thousand  French  sol- 
diers under  the  command  of  Ney,  without  artillery,  encountered  twenty- 
five  thousand  Russians  with  forty- five  pieces  of  artillery,  under  Prince 
Miloradowich,  on  the  18th  of  November,  1812.     In  this  battle  Poncelet 
charged  the  Russian  batteries  at  the  head  of  a  column  of  sappers  and 
miners ;  his  horse  was  killed  under  him,  and  he  was  taken  prisoner.    After 
a  painful  four  months*  march  through  snow,  half  naked  and  ill  fed,  in  a 
season  when  mercury  was  repeatedly  frozen,  he  arrived  at  Saratoff  on  the 
Volga.     In  April  1813,  on  recovering  from  an  illness  brought  on  by  the 
hardships  he  had  endured,  he  resolved  to  occupy  his  unwelcome  leisure 
with  the  study  of  descriptive  geometry.      But  his  recollections  of  the 
teaching  of  Monge,  Carnot,  and  Brianchon  had  been  totally  effaced  by  the 
privations  and  sufferings  he  had  undergone.     Without  books  to  aid  him  he 
was  obliged,  with  much  labour,  to  construct  bit  by  bit  the  elementary  pro- 
positions required  for  the  line  of  research  he  was  desirous  of  following.  The 
results  of  his  labours  at  this  time  were  afterwards  published  in  Gergonne's 
'  Annales,'  from  1 8 1 7  to  1 82 1 ;  and  the  original  manuscripts,  written  at  Sara- 
toff, were  published  in  1862.    On  the  conclusion  of  peace  in  June  1814,  he 
quitted  Saratoff  for  France,  where  he  arrived  in  September  of  the  same 
jear.     From  1815  to  1825,  as  Captain  of  Engineers,  he  superintended  the 
construction  of  machinerv  in  the  arsenal  of  Metz.     From  1825  to  1S35  he 
was  Professor  of  Mechanics ;  and  while  he  imparted  to  the  young  officers 
clear  ideas  of  mechanical  science,  capable  of  immediate  practical  applica- 
tion, he  delivered,  at  the  suggestion  of  Baron  Dupin,  gratuitous  evening 
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of  Brigade  on  the  ISlh  of  April,  1848.  A 
pointed  Governor  of  the  Ecole  I'oty technique 
1850.  During  the  troubles  of  June  1848,  pi 
the  pupils  of  the  £cole  Poly  technique,  he  led 
to  the  Luxembourg,  where  they  formed  B  gi 
tectioD  of  the  Provisional  Govemmeiit.  For 
ral  Cavaignac  appointed  him  to  the  commani 
the  Department  of  the  Seine.  He  was  alao  el 
atituent  Assembly.  As  President  of  the  Sc 
the  English  Exhibition  of  1851,  he  drew  up  a 
the  Arts  involTing  the  application  of  Scient 
tury.  Besides  the  norka  already  menttonei 
of  Memoirs  and  Scientific  Reports  in  the  M 
du  Comite  des  Fortifications,  and  the  Compt 
Officier  of  the  Legion  of  Honour,  Chevalier  of 
M^rite,"  Correapunding  Member  of  the  Acaden 
Turin,  and  of  many  otlier  learned  Societie 
Member  of  the  Royal  Society  took  place  in 
painful  illneBS,  he  died  in  Paris  on  the  '23rd  of 

Nathaniel  Bagshaw  Ward,  F.R.S.,  F.L 
1868  in  his  77th  year,  was  a  sonud  practical 
known  aa  the  inventor  of  the  closely  glazed  ca; 
which  bear  his  name.     When  quite  young  he 
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vation  of  plants ;  and  his  house  in  Wellclose  Square  was  conspicuous  for  the 
vegetation  which  surrounded  it.  But  the  deleterious  atmospheric  influ- 
ences to  which  it  was  exposed  subjected  him  to  continual  vexation  and 
disappointment ;  and  the  onlj  way  in  which  he  could  maintain  a  fluctuating 
appearance  of  freshness  and  verdure  was  bj  bringing  back  a  renewed  supply 
of  plants  on  the  occasion  of  any  visit  to  nursery  grounds  or  the  country. 
In  the  summer  of  1829,  a  solution  of  his  difficulties  presented  itself.  He 
had  placed  the  chrysalis  of  a  moth  in  some  mould  in  a  glass  bottle  covered 
with  a  lid,  in  order  to  obtain  a  perfect  specimen  of  the  insect ;  after  a  time 
a  speck  or  two  of  vegetation  appeared  on  the  surface  of  the  mould,  and 
turned  out  to  be  a  fern  and  a  grass.  His  interest  was  excited  ;  he  placed 
the  bottle  in  a  favourable  situation  and  found  that  the  plants  continued  to 
grow  and  to  maintain  a  healthy  appearance.  On  reflecting  upon  the  matter, 
he  found  that  the  conditions  necessary  to  the  life  of  the  plants  were  main- 
tained, and  deleterious  agents,  as  soot,  noxious  gases,  drying  winds,  &c., 
were  excluded.  The  first  Wardian  case  gave  rise  to  numerous  others ;  and  in 
two  or  three  years  the  success  of  the  plan  was  satisfactorily  demonstrated. 
In  1836  Mr.  Ward  wrote  upon  the  subject  to  the  late  SirW.  Hooker; 
and  the  letter  was  published  in  the  Companion  to  the  Botanical  Magazine 
for  May  of  that  year.  In  1838  Mr.  Faraday  lectured  upon  the  "cases  *' 
at  the  Royal  Institution ;  and  subsequently  Mr.  Ward  himself  explained 
his  plan  at  various  Societies  and  at  Meetings  of  the  British  Association. 
In  1842  the  first  edition  of  Mr.  Ward's  work  on  "  The  Growth  of  Plants 
in  Closely-glazed  Cases  "  was  published;  and  a  second  edition  appeared 
a  few  years  later. 

It  was  soon  recognized  that  Mr.  Ward's  method  was  susceptible  of  various 
valuable  applications,  of  which  the  following  maybe  noticed : — I .  Thegrowth 
of  plants  in  the  dwellings  of  all  classes,  in  town  as  well  as  country.  2.  The 
transport  of  plants  to  and  from  different  countries :  the  tea-plant  and 
the  cinchona-tree  have  by  means  of  the  Wardian  cases  become  esta- 
blished in  India.  3.  For  purposes  of  philosophical  investigation.  4.  To 
the  study  and  conservation  of  animals  :  the  Vivaria  were  first  established 
as  a  modification  of  the  cases  by  Mr.  Ward  himself. 

When  residmg  at  Wellclose  Square,  Mr.  Ward  gave  frequent  microsco- 
pical soirees.  Out  of  these  sprang  the  Microscopical  Society  in  1840, 
Dr.  Bowerbank  and  the  late  Messrs.  Quekett  and  Jackson  having  also  taken 
part  in  its  foundation.  He  was  elected  a  Fellow  of  the  Royal  Society  in 
1 852.  In  1 856,  a  large  number  of  friends  combined  to  recognize  Mr.  Ward's 
services  by  having  his  portrait  painted  by  J.  P.  Knight,  R.A.,  and  placed 
in  the  meeting-room  of  the  Linnean  Society. 

The  estimation  in  which  the  subject  of  this  notice  and  his  scientific  ser- 
vices were  held  by  those  best  capable  of  forming  an  opinion,  will  be  shown 
by  the  following  extracts  from  a  letter  written  by  Dr.  Hooker  to  the  editors 
of  a  scientific  journal : — 

"  During  the  whole  period  that  I  knew  Mr.  Ward,  and,  I  believe,  for 
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loanjr  ;«arB  before,  hU  hospiuble  honte,  first  in  Wtllclosc  S(|u)ire,  and 
afterwards  at  Clapham  BiM,  «ru  the  moat  frequeuttd  mtuopulitoa 
reaort  of  naturaiiata  from  all  quArten  of  the  globe  of  any  since  Sir 
Joseph  Banks's  day.  Hia  unpretending  entertninments  were  frequent,  far 
many  years  periodic,  and  often  weekly.  On  tlui'f  iictn^iniis  lii^  iitnny 
Bcieutific  friends  flocked  to  aee  himself,  hia  lire  planta,  and  the  nuuij  spe- 
cimens, iaatraroents,  and  preparatiena  he  bad  collected  to  inatnwt  cod 
entertain  them ;  and  on  Buch  occasiona  it  waa  that  many  a  coiuiUy  and 
colonial  naturalist  was  introdnced  for  the  firat,  aod  too  often  t6t  the  hat 
time  in  his  life,  to  acme  of  the  moat  eminent  natantUata  in  Eorope. 

"Of  the  Talue  of  that  contrirance  which  justly  beara  hia  naBW,  tba 
Ward's  case,  it  is  impoanble  to  apeak  too  strongly ;  and  I  feel  aafein  aayii^ 
that  without  its  aid  a  lai^  proportion  of  the  moat  Talnable  eeonomic  and 
other  tropical  planta,  now  cultivated  in  England,  wonld  Dot  jet  ban  bee* 
introduced."  "  Of  evea  more  consequence  was  the  q>plicatum  rftheaeeaaei 
to  town  gardening,  whereby  he  haa  afforded  to  the  ijfiiiiftna  <^  tlua  metro- 
polis far  greater  and  purer  pleasures  than  all  Brtiata.  honae-deooratai^  Ac 
have  contributed ;  for  a  primrose  placed  in  flower  tmder  a  bril-glaaa  at 
Christmas  in  a  London  drawing^oom  will  charmwbmaBaphaddoeaixrt, 
and  will  cbarm'none  the  less  when  a  Raphael  chamu  also."  "Is  the 
memory  of  all  who  knew  him,  Mr.  Ward  will  IItc  as  a  type  of  a  genial, 
upright,  and  moat  amiable  man,  an  accomplished  practitioner,  and  an  en- 
thuiastic  lover  of  nature  in  all  its  aspects." 

Mr.  Robert  Porrett  was  born  on  the  22nd  September  1783.  His 
father  held  the  office  of  Ordnance  Storekeeper  in  the  Tower,  and  resided 
there ;  and  the  son,  having  early  shown  an  aptitude  for  such  a  situation,  waa 
employed  aa  his  father's  aasistant,  and,  succeeding  him  in  his  appointment, 
eventually  rose  to  be  chief  of  the  department.  His  official  work,  not  being 
of  an  engroBSiDg  nature,  left  him  leisure  to  apply  hia  intelligent  and  inqniring 
mind  to  scientific  purauits,  especially  to  chemistry  ;  and  inasmuch  as  he 
received  a  medal  from  the  Society  of  Arts  for  a  chemical  discovery  in 
1809,  he  was  probably  at  the  time  of  his  death  the  oldest  representative 
of  experimental  chemistry  in  this  country.  In  fact  he  was  a  worker  in  che- 
mistry  before  the  introduction  of  the  atomic  theory,  and  was  among  the 
first  to  apply  the  new  doctrine  to  the  verification  of  chemical  analysis. 
Mr.  Porrett's  earliest  researches  were  on  hydro-ferro cyanic  and  hydro- 
enlphocyanic  acids,  of  which  he  was  the  discoverer.  The  investigation  of 
the  constitution  of  these  acids  (which  he  named  /erruretied  and  lulp/tti- 
retled  chyazie  aeidi)  and  of  their  salts  forma  the  subject  of  various  papers 
which  he  contributed  between  1809  and  1819  to  the  'Philosophical  Traos- 
actioua'  and  other  acientific  publicationa :  they  are  as  follows: — "OnPruasic 
and  Pronsous  Acid,"  Trans,  of  the  Soe.  of  Arts,  vol.  xxi-ii.  1809,  p.  89; 
"  On  the  Nature  of  the  Salts  termed  triple  Prusuates,"  &c.,  Phil.  Trans. 
1814,  p.  527;  "Further  Analytical  Experiments  relative  to  the  Conatitatios 


of  the  Pnissic,  of  the  Ferruretted  Chyazic,  and  of  the  Sulphuretted  Chyazic 
Acids,  and  on  that  of  their  Salts;  together  with  the  application  of  the 
Atomic  theory  to  the  analysis  of  these  Bodies,"  Phil.  Trans.,  1815,  p.  220  ; 
"On  the  Anthrazothion  of  Von  Grotthus,  and  on  Sulphuretted  Chyazic 
Acid,"  Thomson's  Annals  of  Philosophy,  vol.  xiii.  (1819)  p.  356  ;  "On 
the  Triple  Prussiate  of  Potash,"  Ann.  Phil.  vol.  xii.  p.  214,  which  contains 
a  discussion  of  his  own  analyses  of  "  ferruretted  chyazic  acid,"  and  that  of 
Dr.  Thomson,  puhlished  in  a  previous  part  of  the  same  volume ;  **  On 
Ferrochyazate  of  Potash,  and  on  the  Atomic  weight  of  Iron,"  Ann.  Phil, 
vol.  xiv.  1820,  p.  205. 

In  1813  Mr.  Porrett  was  engaged  with  Messrs.  Wilson  and  Rupert  Kirk 
in  an  investigation  of  chloride  of  nitrogen,  with  a  view  chiefly  to  the  ex- 
amination of  the  physical  properties  and  chemical  composition  of  that 
dangerously  explosive  compound,  and  the  discovery  of  safe  and  suitahle 
processes  for  preparing  it. 

In  1816  he  communicated  to  Thomson's  Annals  of  Philosophy,  vol. 
viii.  p.  74,  an  account  of  "  Two  Curious  Galvanic  Experiments,"  in  which 
he  showed  that  a  fluid  is  made  to  pass  against  gravity  by  the  electric  cur- 
rent through  a  membrane  from  the  positive  to  the  negative  pole  when  the 
conducting  wires  of  a  battery  are  connected  with  water  placed  at  different 
levels  on  each  side  of  the  membrane.  The  fact  so  discovered  by  him  is 
by  German  writers  generally  associated  with  his  name  as  "  das  Porrettsche 
Phanomen."  He  also  described  the  increase  of  action  which  is  produced 
in  an  exhausted  voltaic  battery  by  removing  a  portion  of  the  fluid,  whereby 
the  still  moist  plates  are  exposed  to  the  action  of  the  air.  In  1817  he 
made  some  "  Observations  on  the  Flame  of  a  Candle,"  which  were  pub- 
lished in  the  *  Annals  of  Philosophy,'  vol.  ix.  p.  337. 

After  an  interval  of  twenty-six  years,  he  again,  in  1846,  at  the  age  of 
sixty-three,  took  up  chemical  investigation,  and  contributed,  in  conjunction 
with  the  late  E.  F.  Teschemacher,  a  paper  "  On  the  Chemical  Composition 
of  Gun  Cotton"  (Memoirs  of  the  Chemical  Society,  vol  viii.  1845-1848, 
p.  258).  His  last  paper  "  On  the  existence  of  a  new  Vegeto-Alkali  in 
Gun  Cotton,"  for  which  he  proposed  the  name  of  Lignia,  was  read  before 
the  Chemical  Society  on  December  21st  of  the  same  year,  and  is  printed 
in  the  Memoirs,  vol.  iii.  p.  287. 

While  devoting  bis  leisure  time  principally  to  chemistry,  Mr.  Porrett 
also  occupied  himself  with  antiquarian  pursuits,  especially  the  study  of 
ancient  arms  and  armour,  for  which  his  residence  in  the  Tower  afforded 
favourable  opportunity.  He  retired  from  official  duty  in  1850,  after  a 
service  of  55  years.  On  that  occasion  his  long  and  useful  service  was 
honourably  recognized  by  his  superiors,  and  he  received  most  gratifying 
expressions  of  regard  and  attachment  from  his  subordinate  officers.  He 
was  a  Fellow  of  the  Astronomical  and  Antiquarian  Societies,  and  one  of  the 
original  members  of  the  Chemical  Society ;  his  election  into  the  Royal  Society 
was  in  1848.    He  died  on  the  25th  November  1868,  at  the  age  of  85. 


Carl  Friedrich  Philipp  von  Martiui,  Forriga  Member  of  tbe 
Royal  Society,  was  bora  on  the  17th  of  ApriU  1794,  at  ErUuigeD»  where 
bi8  father,  Ernst  Wilhdm  Martins,  was  Court  Apoihecaij,  and  Hononurj 
Professor  of  Pharmacy  in  the  Umversity.    TIk  fiunfly  ii  laid  to  have 
come  from  Italy,  bnt  had  for  several  generations  been  settled  in  Germany. 
After  a  careful  and  jadicions  training  at  home,  for  whidi  he  was  indebted 
chiefly  to  an  intelligent  and  accomplished  mothm,  yonng  Martinis  reoeived 
his  general  education  in  the  school  and  the  gymnasinm  of  his  native 
town.    From  his  father  he  had  inherited  a  taste  for  Natural  History;  and 
under  the  tuition  of  Professors  Richter  and  Besenbeck,  of  the  Gymnasinm,  he 
acquired  a  well-grounded  knowledge  of  classical  literature ;  so  that  a  good 
foundation  was  laid  for  that  well-balanced  general  mental  culture  of  which 
the  fruits  are  conspicuous  in  his  writings.    When  not  quite  sixteen  yean 
of  age,  he  entered  the  University  of  Erlangen.    His  main  objeet  was  the 
study  of  medicine,  but  he  also  followed  his  early  bent  towards  Natural 
History,  and  especially  Botany.    The  Botanical  Professor  of  that  day  was 
Schreber,  who  had  himself  studied  under  Unnseus ;  but  Martina's  attach- 
ment to  the  science  was  greatly  fostered  and  promoted  by  the  friendship  of 
the  brothers  Nees  von  Esenbeck,  then  his  fellow  students,  who  afterwards 
rose  to  eminence  as  botanists.    From  the  elder  of  the  brothers  Martius 
also  received  a  tincture  of  the  then  prevalent  "  Natur-Philosophie,"  which 
may  be  perceived  to  colour  his  earlier  writings ;  but  its  influence  seems  to 
have  been  but  transient. 

In  March  1814  he  was  promoted  with  distinction  to  the  degree  of  Doctor 
of  Medicine,  and  published  his  inaugural  dissertation  under  the  title 
"  Plantarum  Horti  Academici  Erlangensis  Enumeratio,"  a  critical  catalogue 
of  plants  arranged  according  to  the  Linnean  system. 

An  event  had  happened  some  time  before  which  decided  Martins's 
future  career.  The  Academy  of  Sciences  of  Munich,  on  the  death  of 
Schreber,  sent  to  Erlangen  two  of  its  members,  Schrank  and  Spix,  to 
acquire  his  botanical  collections  for  the  Academy ;  and  these  naturalists, 
having  seen  the  promise  of  future  excellence  evinced  by  the  young  man, 
invited  Martius  to  apply  for  admission  into  the  *'  Institution  of  El^ves," 
then  existing  in  the  Academy,  in  which  the  pupils  had  the  adTantage  of 
following  out  the  higher  study  of  selected  branches  of  science  under  the 
auspices  of  the  Academy  and  the  immediate  guidance  of  certain  of  its  mem- 
bers. Through  the  prospect  thus  set  before  him,  the  wish  which  Martius 
had  already  entertained  of  devoting  himself  entirely  to  botany,  became  a 
settled  resolution.  After  going  through  the  prescribed  trials,  he  was  in 
May  1814  received  among  the  El^ves  of  the  Academy,  and  appointed, 
under  (he  direction  of  Schrank,  now  advanced  in  years,  to  be  assistant  in 
the  management  of  the  Botanic  Garden  at  Munich,  with  an  annual  sakry 
of  500  florins.  Two  years  later  he  was  advanced  to  the  rank  of  "  Adjunct 
of  the  Academy,"  an  order  which  no  longer  exists,  having  been  abolished, 
together  with  the  Institute  of  El&ves,  by  King  Louis  in  1827. 
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Martius  not  onlj  laboured  zealously  in  the  superintendence  of  the  Garden, 
but  made  frequent  excursions  through  Bavaria  and  the  adjacent  regions  for 
the  study  of  the  indigenous  flora  ;  and  it  was  on  one  of  these  occasions  that 
he  made  the  friendship  of  Hoppe,  the  Director  of  the  Botanic  Grarden  of 
Ratisbon,  and  began  with  him  a  scientific  correspondence  which  was  long- 
enduring.  At  this  time  he  published  the  '  Flora  Cryptogamica  Erlan- 
gensis'  (Norimbergi,  1817),  which  contained  the  results  of  his  first  inde- 
pendent researches,  and  met  with  high  approval  from  his  fellow  workers  in 
the  science.  His  earnest  devotion  to  study,  his  conspicuous  talents,  and 
his  untiring  activity,  could  scarcely  fail  to  earn  for  him  the  regard  of  his 
older  academical  colleagues,  such  as  Schrank,  Schlichtigroll,  Scemmerring, 
and  the  Conservator  General  von  Moll — all  of  them  men  fitted  to  produce 
a  beneficial  influence  on  his  mental  development.  In  like  manner  he 
attracted  the  kindly  notice  and  favourable  consideration  of  the  King 
Maximilian  Joseph  I.,  who,  being  a  great  lover  of  plants,  paid  frequent 
visits  to  the  Garden  under  the  welcome  guidance  of  the  young  superin- 
tendent ;  and  this  had  an  important  effect  on  his  future  fortune. 

This  enlightened  prince  had  for  some  time  entertained  the  project  of 
sending  a  scientific  expedition  to  America ;  and  as  the  Emperor  of  Austria 
was  about  to  send  out  scientific  explorers  to  Brazil  in  the  retinue  of  the 
Archduchess  Leopoldina,  who  was  about  to  sail  for  that  country  as  the 
bride  of  the  Crown  Prince  of  Portugal,  afterwards  the  Emperor  Don 
Pedro  I.  of  Brazil,  King  Max.  Joseph  availed  himself  of  the  opportunity 
offered  to  him  of  sending  out  two  Bavarian  naturalists  on  that  occasion. 
The  choice  fell  on  Spix  as  Zoologist,  and  Martius  as  Botanist,  who  was 
selected  by  the  king  himself.  After  but  a  brief  time  allowed  for  equip- 
ment, the  two  travellers  sailed  from  Trieste  on  the  2nd  of  April,  1817, 
with  the  imperial  cortege,  and,  after  touching  at  Malta,  Gibraltar,  and 
Madeira,  arrived  at  Bio  Janeiro  on  the  loth  of  July.  There  they  parted 
from  the  Austrian  savans,  and  set  out  on  their  own  journey. 

It  is  unnecessary  here  to  trace  the  course  of  their  travels  ;  suffice  it  to 
say  that,  after  traversing  the  vast  territory  of  Brazil  in  various  directions, 
and  ascending  the  Biver  Amazons  and  its  tributary  the  Hyapurd  as  far 
as  the  confines  of  Peru  and  New  Granada,  they  arrived  at  Pard  on  their 
retuni  journey  on  the  16th  of  April,  1820,  three  years  after  they  had  sailed 
from  Europe.  From  Pard  they  were  conveyed  to  Lisbon  in  a  Portuguese 
ship  of  war,  and  reached  Munich  on  the  8th  of  December,  1820. 

This  expedition,  irrespective  of  the  sea  voyage,  extended  over  nearly  1400 
geographical  miles,  and  for  months  led  through  the  most  inhospitable  and 
dangerous  regions  of  the  New  World.  Both  explorers,  however,  escaped 
without  any  important  disaster  on  the  road,  and  they  had  the  rare  good 
fortune  to  preserve  and  bring  home  their  collections  complete  and  un 
injured. 

The  material  fruits  of  the  expedition  consisted  of  about  6500  species  of 
plants,  the  majority  dried ;  but  several  living  species,  as  well  as  seeds,  were 


bIso  brought  horae.     The  loological  collections  (to  which  Marlius  coutri- 
buted  also  on  hiB  aolitwy  Toyage  up  the  Hyapura)  numbered  85  speeies  of   I 
Mammal8,130ofAmphibia,350ofBirds,116of  Fishes,  2700  of  Insects.  80 
of  Arachnoids,  and  80  of  Crustacea.     The  species,  edpccially  the  plants,  are    i 
represented,  many  by  numerous,  and  all  by  well-preserved  specimens. 

On  their  return  home,  the  king  nominated  the  travellers  Kuigbts  of  the 
Order  for  Civil  Merit ;  and  Marlius  received  the  appointment  of  ordiwtry 
member  of  the  Academy  of  Sciences,  and  second  conservator  of  the  Botanic    , 
Garden. 

In  conseqaence  of  this  expedition,  the  diiecdon  of  Hutins'i  iatan 
scientific  octiTity  wu  dedded.  Bniil  wis  theneefonrard  the  country  to 
which  he  devoted  tbe  greater  put  irf  it.  BefwD  everything  dee  fait 
energy  was  centred  on  tlie  flora  of  BranL 

Tbe  first  work  made  public  relative  to  tbe  BraaiHan  mpeditinn  was  the 
Narrative  of  the  Joamey.  It  appeared  in  182S-31,  in  duM  ^mrto 
volumes,  accompanied  by  an  atlas.  The  oampilatiM  of  tlua  woric  ww 
ori^nally  intrusted  conjcundj  to  both  travelers  bj  Maxmulian  Joae^  L  ; 
but  Spix  did  not  long  survive  the  completion  of  the  first  ndmna^  and  lo  it 
happened  that  by  far  the  greater  portion  of  the  work  prooeeded  fi»aa  Ma- 
tiua's  unaided  pen.  Of  course  in  the '  Narrative  of  Travris '  natural  ^ndaxU 
are  treated  of  more  or  less  in  detail ;  but  it  could  not  be  occupied  with  the 
special  discussion  and  elaboration  of  scientific  matter.  This  was  reserved 
for  a  separate  work,  which  appeared  contemporaneously  In  a  magnificent 
series  of  volumes.  In  the  first  place  Marttus  undertook  only  the  botanical 
sec^on,  and  Spix  the  loological ;  but,  on  account  of  the  death  of  the  latter 
in  1826,  when  he  had  only  worked  up  the  mammals,  tbe  birds,  and  a  part 
of  the  amphibia,  the  continuation  of  this  part  of  the  work  also  fell  upon 
Martius.  He  acquitted  himself  of  the  task  in  the  most  satisfactory  manner, 
having  secured  the  assistance  of  Agassie,  Andreas  Wagner,  and  Pertz,  for 
the  actual  work,  whilst  he  acted  as  editor.  The  publication  of  the  bota- 
nical treasures  took  the  form  of  a  selection  of  the  most  interesting  novelties. 
The  Phanerogamia,  or  flowering  plants,  were  illustrated  in  the  '  Nova 
Genera  et  Species  PlantarumBraailiensium'  (3  vols. fol.,  Munich,  1823--32), 
and  tbe  Cryptogamia  in  tbe  '  Icones  Selects  Plantorum  Cryptogamicaruro 
Brasiliensium,'  1  vol.,  1827).  Tbe  first  volume  of  the  former  work  was 
prepared  by  Martius's  colleague,  Zuccarini,  tbe  remainder  entirely  by 
MartiuB,  except  the  chapter  in  the  'Icones  Selectie'  on  the  internal 
structure  of  Tree-Fem  stems,  from  the  pen  of  Hugo  von  Mohl — a  chapter 
that  served  to  enhance  the  valne  of  the  work  in  the  highest  d^ree. 
In  these  publications  not  only  were  many  new  and  highly  remarkable  plants 
made  known  (more  than  400  species  and  more  than  70  genera),  but  they 
were  also  so  fully  and  lucidly  described  that  botany  received  an  essential 
enrichment.  A  practised  and  quick  sight  for  natural  affinities,  a  happy 
gift  of  combination — in  short,  an  essentially  "systematic  tact,"  placed 
Martina  in  tbe  rank  of  the  first  botanists  of  his  time. 
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A  third  work  was  taken  in  hand  bj  Martins  in  1823,  and,  indeed,  the 
one  with  which  his  name  will  be  most  closely  and  enduringlj  connected. 
This  was  the  Monograph  of  Palms,  '  Historia  Naturalis  Palmarum '  (3 
vols.  imp.  fol.,  Munich,  1823-50).  The  peculiar  richness  of  Brazil  in 
Palms,  the  beauty  of  Brazilian  forms,  and  the  honour  likely  to  accrue  from 
a  new  and  comprehensive  work  on  this  group  of  plants  induced  Martins 
to  concentrate  his  attention  upon  them  immediately  after  his  arrival  in 
Brazil.  The  fulfilment  of  this  great  undertaking  cost  twenty-eight  years 
of  labour  and  research. 

For  the  matters  with  which  he  was  less  conversant,  Martius  obtained 
the  cooperation  of  distinguished  colleagues.  The  chapter  on  the  ana- 
tomy of  palms  was  written  by  H.  von  Mohl ;  the  fossil  palms  fell  to  the 
share  of  F.  linger;  and  Sendtner  and  A.  Braun  contributed  to  the  mor- 
phology. But  by  far  the  greater  part  came  from  the  pen  of  Martius  him- 
self, notably  : — the  chapter  on  the  geographical  distribution  of  palms,  in 
which  Martius  enunciated  his  views  on  phyto-geography  in  general ;  and 
the  whole  of  the  third  volume,  containing  descriptions  of  all  known  palms, 
systematically  arranged,  and  forming  in  itself  an  almost  complete  mono- 
graph of  the  family.  The  scientific  merit  of  this  work  was  universally 
acknowledged.  Not  only  was  the 'special  knowledge  of  palms  thereby 
greatly  extended,  but  the  science  of  botany  in  general  was  signally  pro- 
moted ;  and  it  may  be  said,  in  the  words  of  a  great  naturalist,  that,  "  so 
long  as  palms  are  known  and  palms  are  grown^  the  name  of  Martius  will  not 
be  forgotten." 

The  last  great  work  by  Martius  to  which  we  can  refer  on  this  occasion 
is  the  '  Flora  Brasiliensis.'  He  had  made  an  attempt,  in  conjunction  with 
Nees  von  Esenbeck,  to  publish  such  a  work  on  a  small  scale,  but  soon  aban- 
doned the  idea ;  but  in  1839,  encouraged  by  Prince  Metternich,  he  planned 
a  far  more  ambitious  publication,  in  conjunction  with  the  celebrated 
Viennese  botanist  Endlicher.  The  groundwork  of  it  was  to  consist  of  an 
entirely  new  and  scientific  elaboration  of  all  the  accessible  materials 
brought  together  from  Brazil,  accompanied  by  numerous  plates,  thus 
forming  a  splendid  systematic  whole.  To  comprehend  in  some  degree  the 
magnitude  of  such  an  undertaking,  it  must  be  remembered  that  the  flora  of 
Brazil  numbers  almost  five  times  as  many  species  as  that  of  the  entire  area 
of  Central  Europe.  It  was  plain  that  the  carrying  out  such  a  work  could 
be  accomplished  only  by  the  joint  labours  of  many  scientific  men ;  and 
Martius  was  fortunate  enough  to  obtain  the  services  of  the  most 
eminent  German  and  foreign  botanists  for  this  purpose.  The  Emperor 
Ferdinand  I.  of  Austria,  and  the  Emperor  Don  Pedro  II.  of  Brazil,  and 
aldo  King  Louis  of  Bavaria  took  the  work  under  their  special  patronage. 
After  £ndlicher*s  death  in  1849,  Fenzl,  his  successor  in  office,  supplied  his 
place,  as  co-editor  with  Martius.  At  first  the  work  proceeded  slowly, 
on  account  of  the  novelty  and  costliness  of  the  undertaking ;  but  since  the 
year  1850,  in  consequence  of  the  increased  interest  taken  in  it  by  the  Bra- 


jiurlniict!  of  the  suvtral  jil.uits.  lie  also  coi 
teristic  plates  rciirtscnting  the  regctntioa  ( 
accompanied  by  masterly  defiaitions,  in  elegant 
maps  of  the  floral  districts,  routes  of  travel, 
graphs  in  the  '  Flora  Brasiliensis '  are  estee] 
many  cases  the  men  irho  wrote  them  had 
study  to  the  respective  groups.  The  mere  en 
writings  would  Gil  a  long  space,  for  there  a 
worl(S.  Among  these  may  be  specially  menti 
nographie  und  Sprachkunde  Braziliens'  as  eri 
in  the  narrative  of  bis  travels,  that  he  devotei 
Brazil  besides  the  study  of  its  natural  history. 
Reverting  to  the  main  facts  of  Martius's  li 
after  his  return  from  Brazil,  when  he  was  noi 
the  Academy,  and  second  conservator  of  the  '. 
years  his  position  remained  unchanged.  WI 
Ludwig  I.  ascended  the  throne,  and  the  Unii 
moved  to  Munich,  he  was  appointed  Professo; 
lion ;  and  six  years  later,  upon  the  retireme 
received  the  post  of  first  conservator.  With 
journeys  to  England,  France,  Holland,  &c. 
interruptedly  the  duties  of  both  appointme 
he  was  elected  Secretary  to  the  Mathemati 
the  Munich  Academy,  and  continued  in  the 


interest  himself  in  the  garden ;  and  his  principal  occupation  thereafler  was 
the  puhlication  of  the  '  Flora  Brasiliensis.' 

Whatever  the  world  could  offer  in  acknowledgment  of  his  merits  Mar- 
tius  received.  He  was  elected  memher  of  nearly  all  the  academies  and 
learned  bodies  inf  Europe,  and  kings  and  emperors  honoured  him  with  the 
most  distinguishing  marks  of  favour.  His  election  as  Foreign  Member  of 
the  Royal  Society  was  in  1838.  He  rejoiced  in  the  esteem  and  friend- 
ship of  his  most  distinguished  contemporaries ;  and  plants  and  animals, 
and  even  a  mountain  (Mount  Martins  in  New  Zealand),  were  named  in  his 
honour.  But  the  most  gratifying  expression  of  homage  and  veneration  was 
presented  to  him  on  the  30th  of  March,  1864,  the  50th  and  jubilee  anni- 
versary of  the  day  on  which  he  was  invested  with  the  degree  of  Doctor.  His 
friends  caused  a  medal  to  be  struck,  with  the  inscription,  "  Palmarum  patri 
dant  lustra  decem  tibi  pal  mam.  In  Palmis  resurges."  And  on  the  15th 
of  December,  1868,  the  remains  of  the  departed  were  lowered  into  their  last 
resting-place  bedecked  with  Palm-leaves. 

General  Thomas  Perronet  Thompson  was  bom  at  Hull,  on  the 
15th  of  March,  1 783,  the  eldest  of  three  sons  of  Thomas  Thompson,  Esq., 
a  merchant  and  banker  of  that  town,  and  for  several  years  M.P.  for  Midhurst. 
His  mother  was  the  grand-daughter  of  the  Rev,  Vincent  Perronet,  vicar  of 
Shoreham  in  Kent,  a  Swiss  Protestant  by  descent,  and  one  of  the  few 
clergymen  of  the  Church  of  England  who  joined  John  Wesley  at  the  com- 
mencement of  his  mission.  The  youth's  early  education  was  received  at 
the  Hull  grammar  school,  under  the  Rev.  Joseph  Milner,  author  of  the 
**  Ecclesiastical  History  ;  '*  and  in  October  1 798  he  entered  Queen's  Col- 
lege, Cambridge,  where  in  due  time  he  took  his  B.A.  degree  with  the 
honour  of  Seventh  Wrangler — no  bad  start  in  life  for  a  boy  under  nineteen. 

In  1803  he  sailed  as  a  midshipman  in  the  'Isis '  of  50  guns,  the  flag- 
ship of  Vice- Admiral  (afterwards  Lord)  Gambler,  on  the  Newfoundland 
station,  and  was  shortly  afler  put  in  charge  of  a  West-Indiaman  recaptured 
in  the  mouth  of  the  Channel,  and  ordered  with  other  prizes  to  Newfound- 
land, where  she  arrived,  the  only  one  that  had  stuck  by  her  convoy  through 
those  foggy  latitudes.  In  the  following  year  he  received  information  of 
having  been  elected  to  a  Fellowship  at  Queen's,  "  a  sort  of  promotion,"  he 
remarks,  "  which  has  not  often  gone  along  with  the  rank  and  dignity  of  a 
midshipman."  Trafalgar,  for  which  he  saw  Nelson  embark  on  board  the 
'Victory'  at  Portsmouth  in  September  1805,  closed  the  prospect  of 
active  service  in  the  navy,  and  in  1806  he  joined  the  "  old  95th  Rifles"  as 
a  second  Lieutenant,  and  was  among  the  prisoners  captured,  together  with 
General  Crawford,  by  the  Spaniards  in  the  Convent  of  San  Domingo,  in 
Whitelock's  attack  on  Buenos  Ayres,  on  the  5th  July,  1807. 

After  his  liberation  and  return  to  England  he  was  sent  in  the  spring  of 
1808,  at  the  age  of  twenty-five,  as  Governor,  to  Sierra  Leone,  through  the 
influence  of  Mr.  Wilberforce,  an  early  friend  of  his  father's.     Here  his 
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efforts  to  put  down  the  Slave  Trade,  which  secretly  existed  under  the  name 
of  "  apprenticeship,"  marked  the  man  who  ever  after  stuck  "  closer  than  a 
brother  "  to  the  dark-skinned  races  of  the  earth.  "  There  was  no  time  for 
hesitation"  (he  wrote  long  afterwards).  "  Of  two  things  he  must  do  one, 
either  withdraw  under  the  pressure  of  the  acknowledged  danger  of  meddling 
with  a  dishonest  system,  or  push  forward  for  the  present  abatement  of  the 
mischief,  with  the  almost  certainty  of  being  abandoned  by  the  government 
at  home."  He  chose  the  latter,  and  was  recalled.  When  the  official 
documents  connected  with  his  proceedings  were  subsequently  required  for 
discussion  in  Parliament,  reply  was  made  that  they  could  not  be  found. 

After  marrying,  in  1811,  Anne  Elizabeth,  daughter  of  the  Rev.  Thomas 
Barker,  of  York,  he  joined  the  14th  Light  Dragoons  in  Spain  as  Lieu- 
tenant, and  was  present  at  the  actions  of  Nivelle,  Nive,  Orthes,  and  Tou- 
louse, for  which  he  received  the  Peninsular  War-medal  with  four  clasps. 
During  the  campaign  of  1814  he  was  taken  off  regimental  duty  and  attached 
to  the  staff  of  General  (afterwards  Sir  Henry)  Fane,  of  whose  kindness 
and  ability  be  preserved  a  grateful  recollection.  "  Some  old  dragoons,  dis- 
charged on  eightpence  a  day,"  he  writes  of  himself,  "  may  remember  that 
he  was  a  careful  leader  of  a  patrol,  a  good  look-out  on  picquet,  could 
feel  a  retiring  enemy,  and  carry  off  a  sentry  for  proof,  as  well  as  another,  a 
great  hater  of  punishment,  and  a  man  of  very  small  baggage,  consisting  of 
something  like  a  spare  shirt  and  an  Arabic  grammar." 

His  youngest  brother,  Charles,  B.A.  and  Travelling  Bachelor  of  Queen's, 
and  Lieutenant  and  Captain  in  the  1st  Foot  Guards,  was  killed  in  action 
at  Biarritz,  in  the  South  of  France,  on  the  12th  December,  1813 ;  and  the 
survivor,  in  the  irresistible  desire  of  seeing  his  face  once  more,  had  him 
taken  up  a  few  days  after  and  reinterred  in  the  garden  of  the  Mayor  of 
Biarritz,  where  he  rests  among  the  strawberry  beds  with  two  other  officers 
of  the  same  regiment,  over  whose  graves  the  gallant  Frenchman  has  placed 
a  stone  with  an  appropriate  French  inscription.  This  striking  incident 
was  commemorated  by  the  muse  of  Amelia  Opie,  who  on  this  occasion  felt 
as  a  friend,  a  relative,  and  a  poet. 

Promoted  at  the  peace  ot  1814,  Captain  Thompson  exchanged  into  the 
17th  Light  Dragoons,  serving  in  India,  where  he  improved  his  knowledge 
of  Arabic,  which  he  had  begun  to  study  as  a  subaltern  of  dragoons  in 
Spain.  Arriving  at  Bombay  in  1815,  he  soon  after  served  in  the  Pindarry 
campaign,  and  had  charge  of  the  outposts  of  the  force  under  Sir  William 
Grant  Keir,  whom  he  accompanied  in  1819  as  Arabic  interpreter  to  the 
expedition  against  the  Wahabees  of  the  Persian  Gulf.  In  this  capacity  he 
assisted  at  the  reduction  of  Ras  al  Khyma  and  other  places  on  the  coast, 
and  had  a  prominent  part  in  negotiating  the  treaty  with  the  defeated 
tribes,  the  most  remarkable  article  in  which  was  the  declaring  the  Slave 
Trade  to  be  piracy  ;  the  earliest  declaration  to  that  effect  in  point  of  time, 
though  the  American  one  reached  England  first  (see  "  Exercises,"  vol.  iv. 
p.  29). 
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When  the  main  hody  of  the  expedition  returned  to  Bombay,  he  was 
lefl  in  charge  of  Ras  al  Khyma  with  1 100  men,  Sepoys  with  a  detachment 
of  European  artillery,  and  was  eventually  ordered  to  demolish  the  town, 
and  withdraw  the  troops  to  the  island  of  Kishme  on  the  Persian  coast. 
A  misunderstanding  having  arisen  between  the  Bombay  Government  and 
the  Arabs  of  Al  Ashkerch  on  the  coast  of  Oman,  who  had  plundered  certain 
boats,  the  former  sent  an  order  to  Captain  Thompson  to  act  against  them  from 
Kishme  in  the  event  of  their  clearly  appearing  to  be  piratical,  but  to  address 
a  letter  to  them  previously  to  any  attack  being  made.  This  attempt  at  nego- 
tiation failing  through  the  murder  by  the  hostile  tribe  of  the  messenger 
bearing  the  letter,  the  injunction  to  communicate  appeared  to  be  fulfilled 
and  answered.  Few  will  see  any  alternative  but  to  execute  the  orders  to 
act ;  and  military  men  will  comprehend  the  duty  of  acting  with  decision 
under  the  circumstances  which  had  arisen.  Landing  at  Soor,  on  the 
Arabian  coast,  forty-six  English  miles  from  the  town  of  the  hostile  tribe 
of  Beni  Bou  Ali,  Captain  Thompson's  small  force  of  320  Sepoys  and  four 
guns  was  joined  by  the  Imam  of  Maskat  with  2000  men  of  his  own.  The 
force  of  the  enemy  was  reported  to  be  900  bearing  arms.  On  the  9th 
November,  1820,  as  the  column  was  toiling  through  the  sand,  the  hostile 
sheik,  Mohammed  Ben  Ali,  advanced  to  the  attack,  sword  in  hand.  What 
followed  is  best  described  in  Captain  Thompson's  own  words,  written  in  a 
private  letter  the  next  day : — "  The  Arabs  made  the  guns  the  point  of 
attack,  and  advanced  upon  them.  The  instant  I  heard  a  shot  from  the 
light  troops,  which  showed  the  Arabs  to  be  in  motion,  I  ordered  the 
Sepoys  to  charge  with  the  bayonet.  Not  a  man  moved  forward.  I  then 
ordered  them  to  fire.  They  began  a  straggling  and  ineffectual  fire,  aided 
by  the  artillery,  the  Arabs  all  the  while  advancing,  brandishing  their 
swords.  The  Sepoys  stood  till  the  Arabs  were  within  fifteen  yards,  when 
they  turned  and  ran.  I  immediately  galloped  to  the  point  where  the 
Sepoys  were  least  confused,  and  endeavoured  to  make  them  stand ;  but 
they  fired  their  musquets  in  the  air  and  went  off.  The  Imam's  army  began 
a  fire  of  matchlocks,  and  went  off  as  soon  as  the  Arabs  approached.  I 
rode  to  the  Imam  and  found  him  wounded.  The  people  just  ran  like 
sheep.  I  saw  some  of  the  European  artillerymen,  and  ran  to  endeavour  to 
make  them  stand ;  but  they  were  too  few  to  do  anything." 

In  the  midst  of  the  fnM4e  the  writer  was  struck  on  the  shoulder  by  a 
matchlock  ball,  which  passed  through  coat  and  shirt,  grazing  the  skin,  as 
he  used  to  say,  "  like  the  cut  of  a  whip."  The  loss  of  the  force  in  men 
and  guns  was  most  severe,  "as  must  always  be  the  case,"  he  observes, 
•*  when  troops  wait  to  be  attacked  with  the  sword  and  then  give  way." 
The  remnants  were  at  length  rallied  at  the  town  of  Beni  Bou  Hassan, 
about  three  miles  from  the  scene  of  action,  and  after  repulsing  a  night 
attack,  were  led  back  overland  to  Maskat  by  Captain  Thompson  in  person, 
eight  days  after  the  fight. 

Another  expedition  was  quickly  sent  from  Bombay.     The  town  was 
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taken,  and  the  defenders  were  conveyed  as  prisoners  to  Bombay,  wbere,  at 
the  meeting  between  the  captive  sheik  and  his  original  assailant,  they  agreed 
heartily  on  one  point,  that  it  would  have  been  a  happy  thing  for  both  if 
the  letter,  lost  by  the  murder  of  the  messenger,  had  reached  its  destination. 

A  court-martial  followed,  as  usually  happens  in  cases  of  disaster,  how- 
ever undeserved.  He  was  *' honourably  acquitted"  of  the  two  graver 
charges  affecting  his  personal  conduct,  and  only  ''found  guilty'*  of  so 
much  of  the  remainder  as,  in  the  opinion  of  the  Court,  warranted  a  repri- 
mand for  "  rashly  undertaking  the  expedition  with  so  small  a  detachment," 
and  for  '*  having  addressed  an  Official  ■  Report  to  Government,  in  which, 
from  erroneous  conclusions,  he  unjustly  and  without  foundation  ascribed 
his  defeat  to  the  misbehaviour  before  the  enemy  of  the  officers  and  men 
under  his  command."  The  Report  alluded  to  is  in  the  Supplement  to  the 
'  London  Gazette '  of  the  15th  and  18th  May,  1821  (copied  in  the  'Times' 
of  the  1 9th),  and  may  be  usefully  compared  with  the  finding  of  the  Court. 

Their  position  no  doubt  was  painful,  as  standing  between  the  incensed 
Bombay  Government  and  its  unsuccessful  officer ;  and  it  was  difficult  to 
reconcile  the  logic  of  facts  with  a  natural  regard  for  the  wounded  feelings 
of  the  Company's  service.  The  wars  of  Affghanistan,  Sind,  the  Punjab, 
and  the  Mutiny  had  not  taken  place  to  prove  the  inferiority  of  Sepoys  to 
a  hardier  race ;  and  Indian  public  opinion  was  slow  to  believe  anything  to 
their  disadvantage.  Under  these  circumstances,  and  viewed  by  the  light 
of  subsequent  experience,  the  result  of  the  trial  was  alike  honourable  to 
the  Court  and  to  the  accused  ;  but  it  nearly  broke  his  heart  at  the  time, 
and  left  traces  for  life  on  his  mind  and  spirits.  Yet  it  is  characteristic  of 
his  generous  disposition  that  he  retained  no  prejudice  against  the  Sepoys 
as  a  body  ;  and  when  they  were  punished,  as  he  thought,  with  undue  se- 
verity after  the  mutiny,  his  voice  and  pen  were  vigorously  exerted  in  their 
behalf. 

In  1 822,  his  regiment  being  ordered  home,  Captain  Thompson  returned 
with  his  wife  and  child  by  the  Red  Sea,  Cosseir,  Thebes,  the  Nile,  Cairo, 
and  Alexandria,  through  Italy  and  France.  The  "overland  route'*  of 
that  day  was  a  very  different  undertaking  from  what  it  is  now ;  and  the 
voyage,  performed  in  country  vessels,  was  protracted  by  contrary  winds, 
so  that  more  than  a  year  was  consumed  in  reaching  England.  In  1827 
he  was  ])romoted  to  a  Majority  in  tb^  G5th  Regiment,  then  in  Ireland,  and 
in  1829  to  an  unattached  Lieutenant- Colonelcy  of  Infantry.  His  subse- 
quent promotions  bore  date.  Colonel  1846,  Major-General  1854,  Lieu- 
tenant-General  I860,  and  General  1868. 

And  now,  after  his  return  to  England,  commenced  the  literary  and  poli- 
tical portion  of  his  life.  To  the  first  number  of  the  *  Westminster  Review ' 
he  furnished  the  article  on  the  "  Instrument  of  Exchange,"  the  result  of 
eleven  years'  continuous  study.  In  1829  he  became  virtually  the  sole 
proprietor  ;  and  beginning  with  the  article  in  support  of  Catholic  Emanci- 
pation, of  which  40,000  copies  were  dispersed  under  the  title  of  the 
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"  Catholic  State  Waggon,"  he  continued  to  write  at  the  rate  of  three  or 
four  articles  per  number,  making  upwards  of  a  hundred  in  all,  till  the 
Review  was  transferred  in  1836.  In  1825  he  wrote,  to  serve  the  Greek 
cause,  two  pamphlets  in  modem  Greek  and  French  on  the  service  of 
outposts,  and  on  a  system  of  telegraphing  for  field  service.  In  the  follow- 
ing year  he  published  the  'True  Theory  of  Rent,'  in  support  of  Adam 
Smith  against  Ricardo  and  others ;  in  which  view  he  was  borne  out  by 
Say.  And  in  1827,  eleven  years  before  the  Anti-Corn  Law  League  was 
formed,  and  when  he  was  only  a  Major  in  a  marching  regiment,  he  pub- 
lished his  celebrated  *  Catechism  on  the  Com  Laws,'  a  work  which  went 
through  many  editions,  and  to  which  Mr.  Cobden  always  acknowledged 
the  obligations  of  the  Free  Trade  cause.  **  For  breadth  of  principle,"  says 
a  generous  political  opponent,  **  humorous  and  telling  illustration,  a 
strong  racy  Saxon  style,  there  is  nothing  in  Cobbett  superior  to  this  little 
pamphlet." 

He  was  elected  a  Fellow  of  the  Royal  Society  in  1828.  The  following 
year  he  wrote  "  Instmctions  to  my  Daughter  for  Playing  on  the  Enhar- 
monic Guitar ;  being  an  attempt  to  effect  the  execution  of  correct  har- 
mony, on  principles  analogous  to  those  of  the  ancient  Enharmonic."  He 
followed  this  up  by  the  construction  on  the  same  principle  of  an  Enhar- 
monic Organ,  which  was  shown  at  the  Great  Exhibition  of  1851,  and 
"  honourably  mentioned  "  in  the  Reports  of  the  Juries.  In  1830  he  pub- 
lished *  Geometry  without  Axioms,'  being  an  endeavour  to  get  rid  of 
Axioms,  and  particularly  to  establish  the  Theory  of  Parallel  Lines  without 
recourse  to  any  principle  not  founded  on  previous  demonstration.  The 
work  went  through  several  editions,  with  successive  amendments,  but  at- 
tracted more  attention  in  France  than  here ;  and  an  accurate  translation 
was  published  by  M.  Van  Tenac,  Professor  of  Mathematics  at  the  Royal 
Establishment  at  Rochefort,  and  subsequently  attached  to  the  Ministry  of 
Marine  at  Paris.  In  1830  he  also  published  a  pamphlet  on  the  '  Adjust- 
ment of  the  House  of  Peers,'  which  obtained  the  remarkable  compliment 
of  being  republished  in  Cobbett' s  Register.  The  same  year,  at  the  in- 
vitation of  Jeremy  Bentham,  he  edited  the  Tenth  Chapter  (on  military 
establishments)  of  his  "Constitutional  Code,"  and  wrote  the  notes  and 
"  Subsidiary  Observations  "  at  the  end.  In  1834  he  published  at  Paris, 
in  answer  to  the  EnquSie,  or  Commercial  Inquiry  then  carried  on  by  the 
French  Government,  the  "Contre-Enqudte  ;  par  THomme  aux  Quarante 
Ecus ;"  in  which  the  principles  of  commercial  freedom  were  developed 
under  a  familiar  form.  In  1842  he  collected  all  his  writings  in  six  closely 
printed  volumes,  under  the  title  of  **  Exercises,  Political,  and  others," — ^a 
mine  of  literary,  poHtical,  military,  mathematical,  and  musical  informa- 
tion. This  was  followed,  in  1848,  by  his  *  Catechism  on  the  Currency,' 
the  object  of  which  is  to  show  that  the  best  currency  is  one  of  paper,  in- 
convertible,  but  limited.  The  views  set  forth  in  this  publication  are  em- 
bodied in  a  motion  of  which  Colonel  Thompson  gave  notice  in  the  House 


of  Commons  on  the  1/th  Julj,  1850,  and  in  a  scries  of  twenty-one  lleso- 
lutiona  nluch  he  moved  in  the  House  on  the  1  7lh  June,  185^,  aad  nhich 
were  nrgatived.  (3  Hansard,  cxsii.  899).  His  'Failncies  agnlust  the 
Ballot,'  afterwards  reprinted  aa  a  "  Catechism,"  firat  appeared  in  1855. 

At  the  general  election  in  January  1833,  he  polled  1  SSI!  votej 
witliout  being  present.  In  Jane  following  he  was  elcetcU,  afier  ft 
test,  by  a  majority  of  fiTC,  for  Hull,  his  atXin  plao^  and  mn,  u  he  • 
it,  "laid  down  and  robbed  at  the  door  of  the  Hotue  oiCmamom'*  to  the 
amount  of  ^000  by  a  petition  of  which  none  of  the  duigea  ««e  pnmd 
before  the  Committee.  While  in  .Parliament,  both  at  that  time  and  aftep- 
wards,  he  mwntuned  a  cotutaat  coireqKntdeace  with  hia  coaatitaent^ 
addressing  them  generally  twice  a  week  throng  local  newipaperi  in  Aott 
and  pithy  reports,  which  wererepabliBhednndtt  the  title  of  "Lettera  of  a 
Represeotatire,"  and  "Audi  Alta-am  Partem,"  this  lait  oonaiiting  tiu^j 
of  an  indignant  commentary  on  the  measorea  taken  to  rapprees  the  Indian 
Mutiny.  He  was  also  an  acdve  promoter  of  the  abolition  of  eturporal 
punishment  in  the  army,  and  an  opponent  of  the  testriotioa  of  manti^ 
with  a  deceased  wife's  aister. 

DefeaUd  at  Maidstone  by  Mr.  DiaraeU  in  1837,  and  Bobaeqnentljr  at 
Marylebone,  Manchester,  ud  Snnderlmnd,  he  was  dected  in  1847  for 
Bradford,  again  defeated  there  in  1852  by  ux  votes,  and  finally,  in  1857. 
returned  without  a  contest.  The  dissolution  of  1859  closed  his  career  in 
Parliament,  for  which  he  never  stood  again,  although  be  continued  to 
write  in  various  periodicals  on  public  matters  under  the  signature  of  "  An 
Old  Reformer,"  and  latterly  as  "  A  Quondam  M.P.,"  in  strenuous  defence 
of  the  Irish  Church.  As  one  of  the  leaders  of  the  Auti-Corn  Law  Iieague, 
the  pioneer  and  fellow-labourer  of  Cobden  and  Bright,  he  will  live  in  the 
grateful  remembrance  of  many  whose  cheap  loaf  b  due  to  the  Father  of 
Free  Trade,  -'the  literary  soldier  who  wrote  the  'Corn  Law  Catechism.'" 
In  person  he  was  short,  active,  and  well  made,  and  in  middle  age  might 
be,  as  he  described  himself,  ''  stouter  than  would  become  a  laght  Dra- 
goon ;"  but  he  was  capable  of  much  fatigue,  and  insensible  to  irregu- 
larities of  hours  and  seasons.  Of  his  acquirements  and  ability  the  fore- 
going sketch  may  give  some  idea ;  but  only  those  who  knew  and  loved 
him  in  private  life  can  tell  the  depth  of  bis  learning,  of  his  goodness,  be- 
nevoleuce,  and  kindness  of  heart.  After  a  life  so  long,  so  varied,  and  at 
times  so  stormy,  his  end  came  peacefully  at  Blackheath,  early  on  the  6th 
of  September,  1869,  in  the  87th  year  of  his  age.  He  had  written  letters  on 
various  subjects,  including  his  favourite  Enharmonic  Organ,  up  to  the 
middle  of  the  day  before,  in  full  possession  of  his  mental  and  bodily  facul- 
ties, and  he  may  be  said  to  have  died,  as  he  lived,  pen  in  hand — "QualU 
ab  inetplo."  Ue  was  followed  by  his  children  and  grandchildren  to  Ken- 
sal  Green,  where  he  rests  not  far  from  an  old  friend  and  fellow  reformer, 
Joseph  Hume. 
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In  the  list  of  Fellows  lost  to  the  Royal  Society  this  year,  the  name 
Thomas  Graham  stands  out  with  great  prominence.  Much  as  he  was 
known,  and  widely,  he  was  little  seen  in  what  may  be  called  the  social 
circles  of  scientific  life  ;  and  although  we  shall  miss  him  and  his  work  in  a 
field  which  he  alone  seemed  to  cultivate  and  understand,  and  although  his 
work  must  greatly  influence  science,  and  through  it  civilization,  the  public 
will  not  observe  that  any  name  of  importance  is  absent  on  great  occasions  or 
in  large  meetings. 

He  was  born  in  Glasgow,  in  1805,  Dec.  21st.  His  father  was  a  mer- 
chant of  that  city,  and  gave  him  every  opportunity  of  learning.  Having 
attended  the  primary  school,  he  went  at  nine  years  of  age  to  the  Grammar 
School  for  Latin  and  Greek  under  Dymock,  for  the  usual  term  of  four  years, 
and  under  the  rector.  Dr.  Ghrystal,  for  the  finishing  year.  Then  he  went  to 
the  University,  at  an  early  age  certainly,  but  such  is  the  custom  of  the  place. 
We  hear  of  no  great  feats  of  scholarship  in  the  Grammar  School.  Graham 
was  too  quiet  to  be  brilliant.  We  hear  of  diligence,  and  that  he  occupied 
a  seat  in  the  first  form,  and  got  prizes  for  lessons  as  well  as  a  prize  every 
year  for  not  having  been  absent  for  one  dayr  The  education  at  this  school 
was  sound,  and  it  was  not  easy  for  a  boy  to  leave  it  without  some  useful 
knowledge  of  the  languages  taught,  as  well  as  a  very  clear  idea  of  the  his- 
tory and  progress  of  the  world.  In  college  he  remained  for  seven  years 
before  taking  his  degree  of  M.  A.  in  1826.  At  that  time  the  university  was 
too  much  of  a  high  school,  but  it  was  of  course  obliged  to  suit  itself  to  the 
young  who  attended.  It  is  clear  that  Graham  had  his  whole  time  occupied 
at  the  best  schools  of  learning  around  him,  and  many  must  still  remember 
his  teacher  in  chemistry.  Dr.  Thomas  Thomson,  and  in  physics.  Professor 
Meikleham. 

His  attention  seems  to  have  at  this  time  been  devoted  for  the  most 
part  to  physics  and  mathematics.  When  he  had  taken  his  degree,  he 
was  expected  to  enter  on  distinct  professional  studies.  His  father  had  de- 
signed him  for  the  church,  but  his  mind  was  bent  on  the  study  of  science. 
A  struggle  took  place  between  two  strong  wills,  and  caused  him  much 
misery  for  many  years.  Neither  was  accustomed  to  speak  his  mind, 
otherwise  the  great  respect  which  each  had  for  the  other  would  have  been 
discovered  sooner  for  the  good  of  both. 

This  sorrow  was  softened  to  Graham  by  the  great  tenderness  of  his 
mother,  to  whom  he  was  most  devoted,  and  to  whom  he  told,  in  a  long 
series  of  confiding  letters  from  Edinburgh,  where  he  now  went  to  study, 
all  his  doings  and  feelings.  In  these  letters  we  are  led  to  hope  for  a  very 
full  picture  of  the  early  manhood  of  Graham.  It  was  at  this  time  that  he 
learnt  isolation,  and  satisfied  his  love  of  sympathy  by  writing,  so  that  he 
acquired  a  habit  which  never  leflhim.  It  is  in  these  notes,  reaching  up  to 
his  last  illness,  that  we  must  look  for  all  that  he  thought  on  scientific  and 
other  subjects ;  and  they,  with  his  published  papers,  will  constitute  his  true 
autobiography.     Few  stirring  events  happened  to  him ;  his  life,  externally 
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at  least,  was  calm ;  and  equaUy  ealm  waa  hia  moda  of  tbiiikiiii^  m  etinfied 
in  his  numerom  scientifio  memoira.  He  atayed  in  EdiMlwqjh,  atndjing 
with  Dr.  Hope,  the  well-known  Profcaaor  of  Ghemiatry,  for  two  yeara^  and 
there  made  the  acqoaintanee  and  eiqoyed  the  fricndahip  of  Lealie.  Brtnm* 
ing  to  Glasgow,  he  began  to  teach  mathematiei  { he  then  took  a  room  fiira 
chemical  laboratory  in  Portland  Street,  and  in  ihia  he  gave  leetuiea^  fiir  a 
very  short  time  only,  aa  he  waa  Lecturer  in  the  Mechanioa*  Inatitnte  fiir 
the  winter  1829-30,  having  succeeded  Dr.  Thomas  Clark,  afterwarda  Piro- 
fcssor  in  Aberdeen.  In  the  latter  year  he  waa  transferred  to  the  Ander- 
sonian  Institution,  succeeding  Dr.  Ure,  who  went  to  London. 

Graham  began  in  Glasgow  with  the  good  wiahea  of  all  who  knew 
how  laboriously  he  bad  studied.  He  was  then  24  years  old,  hot  he 
had  been  known  to  scientiiio  men  for  three  years  prerioudy ;  hia  earliest 
memoir  bearing  date  1826,  and  one  on  diffusion  of  gases  1829.  He 
appeared  extremely  young,  tod  like  a  boy  beginning  to  teach.  He  was  not 
fluent  in  speech  ;  there  was  a  hesitation  as  if  it  were  difficult  to  find  the 
proper  word,  and  a  quietness  of  demeanour  which  (except  for  the  little  per- 
ceptible nervousness)  completely  covered  the  great  oithuaiaam  which  kepi 
him  at  constant  work  for  for^  years  after  that  period.  He  remained  in 
Glasgow  lecturing  and  teaching  in  the  laboratory  till  1837»and  sendmg 
out  diligent  workers  who  have  since  shown  themselves  vigorous  in  the 
regions  of  science  and  its  application  to  the  Arts.  In  that  year  be  went  to 
London  as  Professor  at  the  London  University,  now  University  College. 
He  had  his  residence  near  it  in  Torrington  Square,  which  he  afterwards  left 
for  a  house  a  few  doors  distant,  at  4  Gordon  Square,  where  he  ended  bis 
days  on  the  16th  of  September,  1869.  In  the  College  be  was  held  in  high 
regard  by  his  pupils  and  colleagues.  It  is  true  that,  as  a  lecturer,  be  had  to 
contend  with  a  want  of  natural  fluency  and  with  a  feeble  utterance ;  but  as 
he  had  always  the  clearest  conception  of  the  matter  he  was  treating  of,  his 
manner  of  exposition,  even  of  intricate  subjects,  was  singularly  clear  and 
perspicuous,  and  the  instruction  imparted  was  well  grounded  and  thorough, 
and  was  pervaded  by  the  same  philosophical  spirit  which  guided  him  in 
his  original  investigations. 

In  1 855  he  ceased  to  be  connected  with  the  College,  having  succeeded 
Sir  John  Herschel  as  Master  of  the  Mint. 

An  occasional  visit  to  Scotland  to  see  his  relations,  sometimes  toBalle- 
win  at  Strathblane,  a  property  which  his  father  had  left  him,  made  up  his 
chief  journeys,  and  in  later  years  he  was  afraid  to  go  except  in  June  or  July. 
His  chest,  as  indeed  his  whole  constitution,  was  tender,  and  the  accidental 
exposure  to  an  open  window  [in  a  warm  August  day  brought  on  his  final 
attack. 

Were  it  possible  to  write  at  present  a  correct  accoui.t  of  Graham's  intel- 
lectual life,  the  space  required  would  be  too  long  for  this  occasion,  and  a 
short  notice  will  be  given  of  his  principal  papers  only. 

Ills  earliest  memoir  indicated  in  the  '  Royal  Society's  Catalogue'  is  in 
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Thomson's  *  Annals  of  Philosophy/  1826,  '*  On  the  Absorption  of 
Gases  by  Liquids.*'  He  there  reasons  out  the  idea  that  gases  are  con- 
verted into  liquids  by  mixing  with  or  being  absorbed  by  liquids,  and 
that  the  phenomenon  becomes  simply  that  of  two  liquids  mixed  together. 
He  concludes  that  gases  may  owe  their  absorption  by  liquids  to  their  capa- 
bility of  being  liquefied,  and  to  the  affinities  of  liquids  to  which  they 
become  in  this  way  exposed.  These  two  properties  are  considered  to  be 
the  immediate  or  proximate  causes  of  the  absorbability  of  gases.  It  follows 
*'  that  solutions  of  gases  in  liquids  are  mixtures  of  a  more  volatile  with  a 
less  volatile  liquid."  He  says  also  that  it  is  a  coincidence  more  than  ac- 
cidental that  the  gases  which  yielded  to  condensation  in  Mr.  Faraday*s 
hands  are,  generally  speaking,  of  easy  absorbability.  He  objects  therefore 
to  Henry's  law,  that  the  quantity  of  gas  which  water  absorbs  is  directly 
proportionate  to  the  pressure,  because  it  is  not  likely  that  this  law  would 
have  been  spoken  of  had  such  gases  as  muriatic  acid  been  employed,  that 
being  very  readily  absorbed,  although  there  might  be  an  approximation 
to  such  a  law  when  the  quantity  of  gas  absorbed  was  inconsiderable. 

Graham  illustrated  the  condensation  and  solution  of  a  vapour  in  a  liquid 
by  supposing  steam  of  the  heat  of  600^  F.  to  be  passed  through  sulphuric 
acid  of  600°  F.,  when  he  doubted  not  immediate  absorption  and  actual 
solution  would  take  place,  as  if  water  and  sulphuric  acid  were  mixed  at 
lower  temperatures ;  and  yet  the  steam  would  be  brought  into  the  condition 
of  a  liquid  which  by  ordinary  cooling  would  have  taken  place  only  after 
nearly  400°  diminution  of  temperature. 

So  late  as  1866,  speaking  of  the  dialytic  separation  of  gases  through 
colloid  septa,  he  is  desirous  of  showing  that  the  flow  is  not  that  of  diffusion 
or  of  effusion,  or  of  transpiration,  but  that  of  a  liquid  absorbed  by  one  side 
and  passed  to  the  other ;  and  in  1868  he  illustrates  the  passage  of  hydrogen 
through  palladium  by  saying  that  it  is  analogous  to  liquid  diffusion  through 
a  colloid.  There  are  forty  years  between  the  beginning  and  end  of  this 
train  of  thought. 

This  is  a  fair  specimen  of  Graham's  habit  of  mind  and  of  his  perseve- 
rance. He  seems  to  have  begun  life  with  an  intense  desire  to  know  the  inner 
structure  of  matter,  stimulated  to  understand  more  than  the  atomic  theory 
could  give  him,  but  nevertheless  a  true  student  of  Dalton.  Bom  in  1805, 
when  Dalton  was  preparing  for  the  press  the  ideas  he  had  already  given  in 
lectures,  he  seems  to  have  been  destined  to  begin  a  new  line  of  work  closely 
allied  to  that  which  Dalton  had  done. 

It  is  almost  painful  to  think  of  the  attempts  of  mankind  to  understand 
why  bodies  should  have  a  definite  composition,  and  Dalton's  simple  idea 
of  adding  atom  to  atom  not  only  made  it  appear  possible,  but  showed  why 
the  contrary  should  be  most  improbable.  Now  it  seems  so  simple  that 
some  men  believe  it  was  scarcely  a  discovery,  whilst  every  chemist  is  slavishly 
bound  to  it  in  some  form  or  other,  unable  either  in  practice  or  theory  to 
escape ;  and  this  point  seems  now  to  be  true  for  all  time.     Still  the  simple 
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axiom,  BO  to  speak,  was  not  a  ideiioe ;  and  as  one  propontioa  after  anodier 
arises  out  of  it,  the  first  idea  itself  appears  grander  and  grander.  Dalton, 
like  Newton^  used  the  term  atom  as  meaning'apartide  which  could  not  be 
divided  by  any  force.  But  there  seems  no  need  to  say  that  it  could  not  be 
divided  by  the  imagination  or  eren  by  new  forces,  in  which  case  it  becomes 
the  practical  as  opposed  to  the  theoretical  atom.  Under  the  present 
chemistry  there  probably  exists  another  which  shall  deal  witb  the  broken 
atom  of  our  present  sdence  $  we  do  not  know  how  many  layers  there  may 
be  under  it.  It  is  strange  that  Dalton's  idea  was  so  pnrdy  mechanical^ 
although  illustrating  a  purely  chemical  act :  there  is  no  talk  of  obscure 
forces ;  it  is  a  movement  like  a  carpenter^Sv  a  fitting  of  pieces  in  the  manner 
of  a  workman.  Graham  took  up  the  subject  in  the  same  spirit,  and  seems 
to  have  during  his  whole  life  sought  for  nothing  beyond  the  knowledge  of 
the  constitution  of  matter,  and  the  mode  in  which  the  atoms  or  molecules 
move.  Uis  favourite  word  is  molecule,  not  atom ;  indeed  he  seema  too 
guarded  to  use  the  latter  in  any  case  of  measurable  morement.  His  destmy 
was  to  follow  the  progress  of  the  molecule,  and  to  show  that  there  were 
movements  in  bodies  which  depended  on  that  aggrq;imtion  of  atoms,  whether 
ultimate  atoms  or  not.  WhUst  Dalton  showed  the  rdatire  weights  of  the 
combining  quantities,  Oraham  showed  the  rehtire  magnitude  of  groups 
into  which  they  resolved  themselves. 

Having  discovered  that  solid  bodies  could  be  divided  into  two  classes, 
colloid  and  crystalloid,  and  that  the  first  consist  of  substances  existing  in 
great  varieties  of  conditions,  and  apt  to  undergo  long  aud  remarkable  pro- 
gressive changes,  he  seems  to  have  taught  us  the  way  to  obtain  many  sub- 
stances practically  new,  although  nominally  such  as  we  have  seen.  'Whilst 
one,  the  colloid,  has  power  of  motion  in  itself  to  a  considerable  extent,  the 
other,  the  crystalloid,  has  power  of  motion  in  solutions,  so  that  we  are 
introduced  to  a  series  of  new  forces,  the  end  of  which  is  not  in  the  faintest 
way  foreseen.  The  door  by  which  we  enter  these  strange  regions  is  found 
by  a  series  of  the  most  uninviting  trials ;  it  seems  to  haye  been  hidden 
under  the  most  homely  brushwood,  and  few  would  think  of  toiling  so  long 
in  such  a  field. 

It  may  be  well  to  go  over  some  of  his  principal  papers,  aud  to  observe 
how  constantly  he  kept  to  these  ideas  whilst  penetrating  further  into  the 
subjects. 

In  1827  he  observed  that  phosphate  of  magnesia  effloresced  very  readily ; 
tins,  he  argued,  proved  a  weak  affinity  for  water ;  if  weak,  heat  ought  to 
destroy  it,  and  so  he  found  that  it  was  thrown  down  anhydrous  on  boiling. 
He  argues  that  it  is  only  the  hydrate  that  is  soluble,  properly  speaking,  iu 
other  cases  also. 

This  led  him,  in  1835,  to  examine  the  hydrate,  when  he  found  that 
the  tendency  of  phosphate  of  soda  to  combine  with  an  additional  dose  of  soda 
was  connected  with  the  existence  of  closely  combined  water.  This  induced 
him  to  separate  the  water  of  salts  into  two  parts,  crystalUne  and  basic,  the 
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first  being  easily  remoTed,  the  second  requiring  more  than  the  boiling-point 
of  water  to  remove  it.  This  atom  of  water  may  be  replaced  by  a  salt,  form- 
ing a  class  of  double  salts.  Amongst  the  salts  with  basic  water  he  ))uts 
sulphuric  acid  as  sulphate  of  water^  and  an  additional  atom  as  equal  to  the 
atom  of  crystallization. 

In  the  same  year  he  speaks  of  ammonia  performing  the  function  of 
water  in  compounds  of  copper.  In  1836  he  says  that  his  ''researches 
make  it  probable  that  the  correspondence  between  water  and  the  magnesian 
class  of  oxides  extends  beyond  their  character  as  bases,  and  that  in  certnin 
subsalts  of  the  magnesian  class  of  oxides  the  metallic  oxide  replaces  the 
water  of  crystallization  of  the  neutral  salt  and  discharges  a  function  which 
was  thought  peculiar  to  water."  The  inquiry  was  extended  to  the  con- 
stitution of  the  phosphoric  acids,  and  the  amount  of  base  taken  up  by 
them  shown  to  be  equivalent  to  the  amount  of  water  in  the  acid  ;  from  this 
he  passed  to  the  arseniates.  It  is  quite  evident  that  he  treated  water  as  he 
treated  metallic  oxides;  indeed  he  speaks  of  metallic  oxides  performing 
the  functions  or  taking  the  place  of  water.  It  was  a  distinct  recognition  of 
hydrogen  as  a  metal  in  its  place  in  salts,  whilst  his  latest  paper  in  1869 
endeavours  to  establish  its  specific  gravity  when  combined  with  palladium 
as  an  alloy. 

This  was  one  of  the  chains  of  discovery  which,  at  an  earlier  period,  led 
to  the  doctrine  of  substitution.  It  is  still  sound ;  and  although  the  water 
does  not  now  hold  the  same  place  of  honour  in  the  phosphorus  acids, 
the  place  is  held  firmly  by  the  hydrogen,  which  takes  its  position  as  a 
metal.  This  idea  cannot  be  regarded  as  originating  with  Graham  ;  Davy 
seems  to  have  hinted  it,  and  Dulong  made  it  distinct ;  but  it  was  Graham 
whose  careful  experiments  and  cautious  reasoning  gave  it  consistency  and 
force,  although  he  himself  did  not  actually  adopt  it  in  general  teaching. 
Probably  nothing  tended  so  much  to  give  hydrogen  its  present  place  as  the 
inquiry  into  the  constitution  of  the  phosphates,  and  his  explanation  of  the 
monobasic,  bibasic,  and  tribasic  acids. 

We  have  the  first  results  of  his  experiments  on  difi^usion  in  the  Philoso- 
phical Magazine  for  1829. 

After  giving  various  details  of  experiments  he  say?,  "  It  is  evident  that 
the  diffusiveness  of  gases  is  inversely  as  some  function  of  their  density, 
apparently  the  square  root  of  their  density."  This  is  the  conclusion  he 
arrived  at  finally. 

The  separation  of  gases  by  simple  diffusion  is  shown  to  be  practicable, 
and  is  there  illustrated  ;  he  mentions  it  as  conceivable  "  that  imperceptible 
pores  and  orifices  of  excessive  minuteness  may  be  altogether  impassable  (by 
diffusion)  by  gases  of  low  diffusive  power,  that  is,  by  dense  gases,  and 
passable  only  by  gases  of  a  certain  diffusive  energy."  Here  we  observe  his 
wonderful  caution  :  he  will  not  say  that  the  atoms  or  molecules  may  be 
too  large,  he  will  not  say  that  the  gas  will  not  pass,  but  he  says  "  impass- 
able (by  diffusion)." 
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In  his  paper  read  before  the  Royal  Society  of  Edinburgh^  Dec.  19ih,  1831, 
he  goes  more  fully  into  his  favourite  subject^  beginning  with  firmness.  **  It 
is  the  object  of  this  paper  to  estabUsh  with  numerical  exactness  the  follow- 
ing law  of  the  diffusion  of  gases."  **  The  diffusion  or  spontaneous  inter- 
mixture of  two  gases  in  contact  is  effected  by  an  interchange  in  the  position 
of  independent  minute  volumes  of  the  gases,  which  volumes  are  not  neces- 
sarily of  equal  magnitude,  being  in  the  case  of  each  gas  inversely  propor- 
tioned to  the  square  root  of  the  density  of  that  gas." 

In  this  paper  (1831)  he  also  tried  the  speed  with  which  gas -passed 
through  stucco  under  pressure. 

In  1846  Graham  read  to  this  Society  a  memoir  ''On  the  Motion  of 
Gases."  There  he  showed  what  he  called  the  eff*usion  of  gases  into  a 
vacuum  through  a  thin  plate  (y^  of  an  inch  thick),  "  leaving  no  doubt  of 
the  truth  of  the  general  law,  that  different  gases  pass  through  minute 
apertures  into  a  vacuum  in  times  which  are  as  the  square  roots  of  their  re- 
spective specific  gravities,  or  with  Telocities  which  are  inversely  as  the  square 
roots  of  their  specific  gravities,"  and  that  "  the  effusion-time  of  air  of 
different  temperatures  is  proportional  to  the  square  root  of  its  density  at 
each  temperature."  The  remarkable  results  of  transpiration  are  fully  deve- 
loped in  his  second  paper  (June  2l8t,  1849)  "  On  the  Motion  of  Gases." 

If  a  tube  of  a  certain  length  be  used  to  allow  the  escape  of  the  gas,  the 
Telocities  of  the  gases  attain  a  particular  ratio  which  remains  constant  with 
greater  lengths  and  resistances.  This  ratio  depends  on  a  new  and  pecu- 
liar property  of  gases,  which  he  called  Transpiration.  He  considered  that 
solids  have  many  modes  of  showing  their  character,  the  varieties  of  struc- 
ture being  endless ;  but  gases  could  only  show  theirs  in  a  few  directions, 
and  he  believed  that  the  ratios  of  transpirability  would  have  a  simphcity 
comparable  to  that  of  the  specific  gravities,  or  even  the  still  more  simple 
relations  of  the  combining  volumes.  As  gases,  compared  with  solids,  are 
capable  of  small  variatioii  in  physical  properties,  those  characters  which 
do  show  themselves  may  well  be  supposed  to  be  the  most  deep-seated  and 
fundamental  with  which  matter  is  endowed.  He  adds,  "  It  was  under  this 
impression  that  I  devoted  an  amount  of  time  and  attention  to  the  deter- 
mination of  this  class  of  numerical  constants  which  might  otherwise  appear 
disproportionate  to  their  value  and  the  importance  of  the  subject.  As  the 
results,  too,  were  entirely  novel,  and  wholly  unprovided  for  in  the  received 
view  of  the  gaseous  constitution,  of  which,  indeed,  they  prove  the  incom- 
pleteness, it  was  the  more  necessary  to  verify  each  fact  with  the  greatest 
care."  As  examples,  the  density  of  nitrogen  is  14  when  hydrogen  is  taken 
as  1 ;  but  the  transpiration  velocity  of  hydrogen  is  exactly  double  that  of 
nitrogen.  The  transpiration  time  of  carbonic  acid  is  inversely  propor- 
tional to  its  density,  when  compared  with  oxygen.  These  results  he  be- 
hcved  to  show  **  the  important  chemical  bearing  of  gaseous  transpirability, 
and  that  it  emulates  a  place  in  science  with  the  doctrines  of  gaseous 
densities  and  combining  volumes." 
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This  remarkable  property  of  gases  was  viewed  by  Graham  as  a  result 
of  one  of  the  initial  endowments  of  matter^  and  in  this  search  he 
showed  his  usual  desire  of  approaching  nearer  than  we  had  ever  done  to 
the  actual  constitution  of  the  primitive  molecule  and  practical  atom. 
These  inquiries  on  the  motion  of  gaseous  molecules  led  Graham  to  look  at 
the  motion  of  bodies  in  solution  or  "  liquid  diffusion.''  The  first  paper  was 
read  in  1849.  He  naturally  connected  this  with  his  earlier  experiments  on 
the  phosphates,  and  the  amount  of  water  held  by  them  and  phosphoric 
acid  ;  and  he  termed  solubilities  of  substances  weak  and  strong,  as  well  as 
great  or  small.  He  supposed  that  this  varying  strength  of  solubility 
might  arise  from  a  greater  or  less  diffusive  power. 

Graham  believed  liquid  diffusion  to  have  an  analogy  to  evaporation ; 
and  as  the  squares  of  the  times  of  equal  diffusion  of  gases  are  in  the  ratio 
of  their  densities,  so  by  analogy  it  might  be  inferred  that  the  molecules 
of  the  several  salts,  as  they  exist  in  solution,  possess  densities  which  are 
to  one  another  as  the  squares  of  the  times  of  equal  diffusion.  He  attri- 
buted the  diffusion  of  substances  in  solution,  like  the  transpiration  of 
gases,  to  a  fundamental  property  of  bodies.  The  pith  of  the  inquiry  is 
thus  stated  : — **  The  fact  that  the  relations  in  diffusion  of  different  sub- 
stances refer  to  equal  weights  of  these  substances,  and  not  to  their  atomic 
weights  or  equivalents,  is  one  which  reaches  to  the  very  basis  of  molecular 
chemistry.  In  liquid  dilution  we  deal  no  longer  with  chemical  equivo'- 
lents  or  the  Daltonian  atoms,  but  with  masses  even  more  simply  related  to 
each  other  in  weight.  Founding  still  upon  the  chemiciil  atoms,  we  may 
suppose  that  they  can  group  together  in  such  numbers  as  to  form  new  and 
larger  molecules  of  equal  weights  for  different  substances ;  or,  if  not  of 
equal  weight,  of  weights  which  appear  to  have  a  simple  relation  to  each 
other.  It  is  this  new  class  of  molecules  which  appears  to  play  a  part  in 
solution  and  liquid  diffusion,  and  not  the  atoms  of  chemical  combination." 
He  seems  glad  to  obtain  the  densities  of  a  new  kind  of  molecules,  although 
knowing  no  more  respecting  them.  One  result  is  the  formation  of  classes 
of  equidiffiisive  substances ;  these,  again,  led  to  a  new  mode  of  analysis  in 
1861,  and  a  new  division  of  soluble  bodies.  It  was  observed  that  the 
power  of  diffusion  of  a  solution  of  albumen  was  yety  small,  1000  times  less 
than  that  of  common  salt ;  and  this  fact  led  to  an  examination  of  numerous 
substances,  when  it  was  found  that  they  divide  themselves  into  two  classes 
without  respect  to  organic  nature ;  one  is  colloid,  and  includes  gelatine  and 
gelatinous  silica,  alumina,  albumen,  gums,  sugar,  starch,  and  extractive 
matter.  The  plastic  elements  of  the  animal  body  are  found  in  this  class ; 
and  here  Graham  uses  the  word  (as,  indeed,  he  uses  all  words)  in  a  very 
exact  sense,  that  which  has  the  power  of  forming. 

Continually  seeking  the  origin  of  chemical  action,  he  ascribes  to  bodies 
possessing  this  colloidal  condition  a  dynamical  character.  They  are  slow 
in  changing,  but  seem  in  a  continual  change.  They  possess  energia,  and 
may  be  the  primary  source  of  the  force  appearing  in  the  phenomena  of 
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vitality ;  and  to  these  gradual  colloidal  changes  may  he  referred  the  cha- 
racteristic protraction  of  chemico-organic  changes.  These  colloid  bodies 
are  very  easily  penetrated  by  the  soluble  crystalloid  bodies  to  which  they 
are  opposed,  and  they  form  a  medium  also  of  separation  or  dialysis. 

This  process  of  dialysb  has  a  high  value  in  the  explanations  it  affords, 
and  promises  to  afford,  of  many  physiological  phenomena.  But  these 
hitherto  unknown  and  still  obscure  properties  of  molecules  seem  destined 
to  lead  lis  still  further  on ;  and  by  presenting  to  us  a  nearer  view  of  the 
fundamental  phenomena,  they  give  us  an  idea  of  the  enormous  magnitude 
of  the  structure  under  which  they  seem  to  lie.  Graham  believed  that  the 
rate  of  diffusion  held  a  place  in  vital  science  not  unlike  the  time  of  the 
falling  of  heavy  bodies  in  the  physics  of  gravitation. 

In  a  paper  "On  the  Molecular  Mobility  of  Gases,"  June  18th,  1863, 
he  further  compares  several  substances  as  to  their  facilities  for  diffusion, 
and  defines  clearly  the  effusion-rate  and  the  transpiration-rate  as  distinct. 
A  substance  suiting  the  purpose  of  diffusion  is  graphite. 

He  obtained  by  the  graphite  diffiisiometer  a  separation  of  oxygen  from 
the  air,  making  a  mixture  with  2  per  cent,  additional  of  that  gas.  This  led 
him  to  try  another  mode ;  and  by  lengthening  the  surface  and  tube,  he 
obtained  3^  per  cent,  more  oxygen  than  in  the  atmosphere.  This  process 
he  calls  atmolysis.  Trying  diffusion  without  an  intervening  septum,  he 
found  that  carbonic  acid  had  proceeded  half  a  metre  length  in  seven  minutes. 

The  separation  of  gases  was  carried  out  jnuch  further,  and  described  in 
a  paper  read  June  21st,  186G.  Here  he  begins  the  use  of  caoutchouc, 
haying  been  led  to  it  by  the  experiments  of  Dr.  Mitchell,  of  Philadelphia. 
He  found  that  air  drawn  through  sheet  rubber  contained  as  much  as  41*8 
oxygen,  the  theoretical  speed  being  40*46,  deduced  from  the  passage  of 
the  separate  gas.  He  is  desirous  of  showing  that  in  this  case  the  flow  is 
different  from  diffusion  ;  it  is  caused  by  an  absorption  of  the  gases,  which 
are  taken  into  the  caoutchouc  in  a  liquid  state,  and  are  then  given  out  on 
the  opposite  side. 

This  inquiry  naturally  led  to  an  examination  of  the  absorption  by 
metals.  Deville  and  Troost  had  discovered  that  platinum  and  iron  absorbed 
gases  when  hot.  Graham  found  hydrogen  to  pass  through  heated  platinum 
1-1  raillira.  thick  at  the  rate  of.  489*2  cub.  centimetres  per  minute  on  a 
square  metre.  Oxygen  scarcely  passed,  and  other  gases  tried  did  not 
pass.  Wrought  platinum  took  up  5*53  vols,  of  hydrogen,  which,  on 
cooling,  were  shut  up  or  occluded  in  the  mass.  Fused  platinum  took  only 
01 71  vol.;  hammered  platinum  2*28-379.  Palladium,  however,  was 
most  remarkable,  as  it  took  up  643  vols,  of  hydrogen ;  in  a  later  paper 
the  quantity  is  stated  to  be  935  vols.  These  gases  were  pumped  out  from 
the  reheated,  but  could  not  be  removed  from  the  cold  metal.  Palladium 
cold,  however,  was  found  to  take  up  hydrogen  when  it  was  used  as  the 
negative  pole  of  a  galvanic  battery,  and  spongy  palladium,  which  had  ab- 
sorbed hydrogen  when  heated,  deoxidized  some  salts  in  the  cold. 
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Iron  manufactared,  or  from  tellnric  sources,  was  found  to  contain  car- 
bonic oxide. 

Silver,  gold,  copper,  osmium-iridium  took  up  little  gas,  and  antimony  no 
hydrogen.     He  divides  the  metals  into  crystalline  and  colloid. 

His  paper  of  May  16th,  1867,  enters  more  fully  into  the  subject,  and 
shows  that  meteoric  iron  contains  hydrogen,  with  the  probability,  if 
not  certainty,  that  it  was  cooled  in  an  atmosphere  of  that  gas.  Messrs. 
Huggins  and  Miller,  as  well  as  Father  Secchi,  had  concluded  that  hydrogen 
is  one  of  the  gases  shown  on  the  spectrum  of  the  fixed  stars,  and  especially 
mentioned  it  as  found  with  the  unusual  increased  light  of  T  Coronse  in 
November  1866.  The  actual  handling  of  the  gas  brought  from  distant 
space  was  a  strange  experimental  proof,  and  was  remarkably  characteristic 
of  Graham's  peculiar  inclination  to  place  his  work  before  his  thought. 
He  seemed  to  feel  his  way  by  his  work.  He  was  not  able  to  impregnate 
iron  with  above  one  volume  of  hydrogen,  whereas  the  meteoric  iron  contains 
at  least  three.  He  thinks  this  shows  that  it  may  have  been  absorbed  under 
pressure. 

On  May  22nd,  1868,  he  showed  that  palladium  took  up  0*723  per  cent, 
by  weight  of  hydrogen ;  and  he  inclines  to  believe  that  the  passage  of  the 
gas  through  palladium  is  analogous  to  liquid  diffusion  through  a  colloid. 

Asa  private  man,  Graham  led  an  uneventful  life ;  but  no  man  has  passed 
through  the  world  more  uniformly  respected.  Too  retired,-  too  quiet,  his 
life  appears  to  have  a  deep  tinge  of  melancholy  in  it,  notwithstanding  its 
eminent  success.  Very  intimate  friends  he  had  few  out  of  the  circle  of 
the  family  of  brothers  and  sisters,  who  were  strongly  attached  to  him, 
and  to  whom  he  was  much  devoted,  being  himself  unmarried. 

As  a  scientific  man,  his  claims  were  never  disputed  $  he  was  not  called 
to  assert  his  position,  and  he  remained  the  undisputed  head  of  his  depart- 
ment. He  received  in  early  life  (1834)  the  Keith  Medal  of  the  Royal 
Society  of  Edinburgh,  and  the  Boyal  Medal  of  this  Society  in  1838,  and 
in  1862  the  Copley  Medal.  He  was  made  a  Doctor  of  Civil  Law  of  Ox- 
ford, Honorary  Member  of  the  Royal  Society  of  Edinburgh,  Corresponding 
Member  of  the  French  Institute  and  of  the  Academies  of  Berlin  and 
Munich,  and  of  the  National  Institute  of  Washington.  His  election  into 
the  Royal  Society  was  in  1836. 

On  his  appointment  to  the  Mint,  Mr.  Graham  laboured  assiduously  and 
successfully  in  acquiring  a  thorough  knowledge  of  the  technical  work  and 
financial  relations  of  his  office,  and  discharged  his  duties  with  much  energy 
and  judgment.  It  is  known  that  he  brought  about  various  reforms  and  econo- 
mies in  the  working  of  the  establishment ;  but  the  service  for  which  he  will 
be  chiefly  remembered  was  the  introduction  of  the  new  bronze  coinage, 
which,  besides  substituting  a  more  convenient  medium  of  circulation  than 
that  in  previous  use,  was  attended  with  a  pecuniary  profit  to  the  state  of 
very  large  amount. 
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An  old  and  valued  friend  of  Graham,  Dr.  A.  W.  Hofmann,  then  inti- 
mately associated  with  him,  thus  speaks  of  his  administration  of  the  Mint*: 
— "  It  would  be  difficult,  within  these  narrow  Umits,  to  convey  an  adequate 
notion  of  the  great  and  manifold  activity  exerdsed  by  Graham  in  the 
high  office  entrusted  to  him.  The  new  chief  of  the  Mint  soon  showed  a 
vigilance,  a  knowledge  of  the  work,  an  amount  of  industry  and  energy, 
and,  when  called  for,  an  unsparing  severity  which  astonished  all,  and 
especially  some  of  the  officials  of  the  establishment.  Such  requirements 
had  not  heretofore  been  exacted,  nor  such  control  exercised.  The  new 
Master's  love  of  innovation,  and  his  disturbance  of  settled  arrangements 
(for  in  such  light  was  hb  action  viewed),  had  to  be  resbted  with  every 
effort.  The  author  of  thb  sketch  at  that  time  held  an  office  in  connexion 
with  the  English  Mint,  and  was  therefore  witness,  though  from  without, 
of  the  struggle  which  Graham  had  to  go  through  in  his  new  position.  It 
was  years  before  he  finally  overcame  these  difficulties,  and  was  enabled  to 
return  to  his  favourite  study.'' 

Graham,  besides  the  memoirs  mentioned  and  omitted  here,  wrote  a 
system  of  chembtry.  The  second  edition  is  still  valuable ;  it  explained  at 
a  very  early  stage  theories  which  are  now  general,  although  it  did  not 
actually  adopt  novel  arrangements.  The  book  is  a  masterpiece  of  clear- 
ness in  arrangement  and  style,  but  it  was  written  so  slowly  that  the 
publbher  said  that  to  press  him  was  like  drawing  hb  blood.  The 
anxiety  to  be. correct  was  painful.  It  gives  a  calmness  to  all  his  writing, 
but  really  goes  too  far,  as  it  rather  represses  the  enthusiasm  of  the 
reader,  and  diminishes  the  force  of  the  words.  He  may  be  said  never  to 
speculate  till  he  has  made  experiments  ;  he  seems  to  feel  the  forms  with 
his  fingers  before  he  ventures  to  describe  them  ;  but  he  reaches  to  utmost 
space  in  this  manner  more  surely  than  others  have  done  by  the  boldest 
imagination.  He  b,  however,  capable  of  the  widest  generalizations,  and 
these  he  makes  at  times  with  surprising  speed. 

When  speaking  of  liquids,  Graham  has  been  quoted  as  saying  that  the 
rate  of  diffusion  held  a  place  in  vital  science  not  unlike  the  time  of  falling 
bodies  in  the  physics  of  gravitation.  We  judge  of  the  value  of  discoveries 
by  the  fruit  they  produce;  when  we  do  so,  it  requires  some  time  to 
judge  fairly.  Although  there  seems  to  us  a  boundless  region  opened  up,  it 
is  not  yet  traversed ;  perhaps  he  who  opened  it  was  best  able  to  see  its 
extent.  By  his  experimental  examinations  of  the  motion  of  molecules,  he 
has  made  a  step  which  before  was  ledt  to  reason  only  ;  and  unless  he  can 
be  shown  to  have  made  a  mistake,  we  do  right  (whilst  associating  him 
with  other  illustrious  men  of  former  times)  to  connect  him  more  closely 
with  his  most  direct  predecessor,  Dalton.  With  such  distinguished  names, 
therefore,  it  seems  just  that  we  should,  until  the  world  shall  teach  us 
better,  leave  that  of  Thomas  Graham. — R.  A.  S. 

*  In  a  mast^rlj  discourse  on  Graham's  life  and  scientific  work,  delivered  before  the 
German  Chemical  Society  in  Berlin,  Dec.  11,  1869. 
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Marie- Jean  Pierre  Flourens,  elected  Foreign  Member  of  the  Royal 
Society  in  1835,  was  born  at  Maureilhan,  near  B6ziers,  Department  of 
H6rault,  in  April  1794.  He  studied  Medicine  at  Montpellier,  where  he 
took  his  Doctor's  degree  at  the  age  of  nineteen,  and  in  the  year  following 
went  to  Paris.  There  he  made  the  friendship  of  yarious  eminent  men, 
— of  whom  are  noted  especially  Ciiaptal  and  Frederick  Cuvier, — ^and 
devoted  himself  to  the  pursuit  of  Biological  science,  in  which  he  soon 
attained  reputation  as  a  writer  and  original  inquirer.  His  earliest  and 
most  important  labours  were  directed  towards  the  investigation  of  the 
functions  of  the  nervous  system,  and  on  his  experimental  researches  and 
writings  on  this  department  of  Physiology,  which  continued  afterwards 
to  be  his  favourite  pursuit,  his  scientific  reputation  may  be  said  mainly  to 
rest.  The  first  fruits  of  these  researches  were  made  known  in  three 
Memoirs  presented  to  the  Academy  of  Sciences  of  Paris  in  1822  and 
1823;  and  subsequently  published  in  an  independent  work  entitled  ''Re- 
cherches  Expcrimentales  sur  les  propri6t6s  et  les  fonctions  du  syst^me 
nerveux  dans  les  animauz  vertebr^."  Paris  1824.  Of  this  a  second  and 
greatly  extended  edition  appeared  in  1842,  containing  the  substance  of 
Memoirs  presented  to  the  Academy  since  the  publication  of  the  first  edi- 
tion, with  applications  of  the  author's  doctrines  to  pathology  and  surgery, 
researches  on  the  reunion  of  divided  nerves,  on  the  movements  of  the  brain, 
on  the  pulsation  of  arteries,  and  on  the  effects  of  section  of  the  semicircular 
canals  of  the  ear — also  an  extension  of  his  previous  mquiries  to  reptiles 
and  fish. 

Following  in  the  line  of  Haller,  Zinn,  Lorry,  Saucerotte,  Magendie,  and 
others,  Flourens  endeavoured,  by  inflicting  injuries  experimentally  on  the 
encephalon  and  spinal  cord,  but  especially  by  studying  the  effect  of  removal 
of  definite  portions  of  these  organs,  to  assign  the  specific  offices  of  the 
several  parts  of  the  cerebrospinal  centre ;  and  whatever  difference  of  opinion 
may  prevail  as  to  some  of  the  physiological  conclusions  at  which  he  arrived, 
it  must  be  admitted  that  his  experiments,  which  have  for  the  most  part 
been  confirmed  by  later  inquirers,  have  served  in  large  measure  as  a  basis 
of  subsequent  reasoning  on  the  subject. 

On  his  first  coming  to  Paris  Flourens  became  a  writer  in  the  '  Revue 
Encyclop^dique,'  and  contributed  articles  to  the  '  Dictionnaire  classique 
d'Histoire  Naturelle,'  and  in  the  course  of  his  life  published  numerous 
papers  on  different  anatomical  and  physiological  subjects,  besides  that  with 
which  he  was  more  enduringly  occupied.  The  titles  of  these  papers  (up  to 
1863)  form  a  goodly  array  in  the  Royal  Society's  Catalogue,  to  which  we 
refer  for  details.  The  more  notable  of  them  are  on  the  nutrition  and 
growth  of  bone,  on  the  structure  of  the  skin  and  mucous  membranes  and 
on  the  epidermis  and  its  appendages  in  man  and  animals,  on  the  mechanism 
of  Rumination,  on  vomiting  in  ruminants  and  its  non-occurrence  in  the 
Horse,  on  the  vascular  connexion  of  mother  and  foetus,  &c.,  while  some  are 
on  questions  of  anthropology,  comparative  psychology,  and  natural  history  ; 
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but  although  these  writiiigs  mre  tor  Ab  moil  ptri  feaiided  on  aoiml 
observation  aud  real  work,  it  ean  aeareely  be  aaid  tbat  tfaqr  rise  above 

mediocrity. 

Flourens's  first  and  most  important  memoir  oil  the  noroiis  system 
became  the  subject  of  a  commendatory  and  most  instmctiTe  report  b^ 
Baron  Cuvier  in  1822,  whose  friendship  and  faTOur  he  thaoMseforth  eajojedl 
Cuvier  a  few  years  after  (in  1828)  intrusted  Floorens  (as  his  deputf )  with 
the  delivery  of  the  lectures  on  Natural  History  at  the  CMkge  of  Frane^ 
and  two  years  later  appointed  him  in  like  manner  to  ffife  Ae  k^urea  oa 
Human  Anatomy  at  the  *  Jardin  du  Roi,'  in  which  appointment  he  was  con-* 
firmed  as  Professor  in  1832.  In  1835  he  became  Professor  in  the  College 
of  France, 

Though  rising  in  fitrae,  it  was  probably  through  CuTiei^s  inflnenoe* 
more  immediately,  that  Flourens  wis  in  1828  dected  a  Member  of  the 
Institute,  in  succession  to  Bose.  In  1833  he  wis  appointed  one  of  the 
perpetual  Secretaries,  on  the  retirement  of  Duloog.  In  this  latter  capaci^ 
he  furnished  from  timet6  time  ek^;es  of  ▼arioos  distinguished  membora  ci 
the  Academy  deceased  during  his  tenure  of  offiee.  These  prodnetioiis  of 
his  pen,  as  well  as  his  official  reports  and  his  writings  generally,  were 
highly  esteemed  for  their  literary  merit,  and  no  doubt  led  to  the  mudli- 
coveted  distinction  he  received  of  being  elected  into  the  Acad6mie  Fran- 
^aise  in  1840. 

While  recognizing  M.  Flourens's  undoubted  merits,  we  are  nevertheless 
constrained  to  remark  that,  measured  by  them,  his  career  as  regards  both 
social  and  scientific  distinction,  was  singularly  prosperous.  Besides  hold- 
ing a  highly  influential  position  in  affairs  of  science,  he  was  elected  a 
Member  of  the  Chamber  of  Deputies  for  the  Arrondissement  of  B^ziers  in 
1837,  and  in  1846  he  was  created  a  Peer  of  France.  He  still,  however, 
retained  his  professorship,  and  suffered  neither  honours  nor  revolutions  to 
interrupt  his  scientific  work.  In  his  latter  years  he  was  affected  with 
softening  of  the  brain,  ending  in  general  paralysis,  to  which  he  succumbed, 
at  his  country  seat  Mont  Geron,  in  the  Department  of  Seine  at  Oise,  on  the 
6th  of  December  1867.     He  has  left  three  sons. 

Peter  Mark  Roget,  M.D.,  died  on  the  12th  of  September,  1869,  in 
his  9 1  st  year.  For  the  last  54  years  he  had  been  a  Fellow  of  the  Society, 
and  during  21  of  these  had  filled  the  office  of  Secretary.  The  earlier 
events  of  his  life  belong  to.  a  former  page  of  the  world's  history,  and  to  a 
generation  that  has  passed  away.  He  was  born  in  London,  in  Broad  Street, 
Soho,  on  the  18th  of  January,  1779. 

His  father,  the  Rev.  John  Roget,  was  a  native  of  Geneva.  When  about 
25  years  old  he  came  to  reside  in  London,  as  Minister  of  the  French  Church 
in  Threadneedle  Street,  founded  by  Edward  VI.,  and  was,  two  years  after- 
wards, united  in  marriage  with  Catherine,  only  surviving  sister  of  the  illus- 
trious Sir  Samuel  Romilly,  then  a  young  man  of  about  20,  between  whom 
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and  Mr.  Roget  a  warm  friendship  had  arisen,  together  with  sentiments  of 
the  highest  mutual  esteem.  The  subject  of  the  present  memoir  was  the 
only  son  of  this  marriage. 

He  had  the  misfortune  to  lose  his  excellent  father  very  early  in  life. 
Not  five  months  after  his  birth  his  parents  were  compelled  to  leave  him  in 
England  and  hasten  to  Geneva,  on  account  of  Mr.  lioget's  declining  health. 
Two  years  afterwards  the  child  was  brought  to  them  by  his  uncle,  Mr. 
liomilly,  who  was  then  studying  the  law  ;  and  in  two  years  more,  under 
the  same  escort,  the  widowed  mother  returned  to  England  with  her  son, 
and  a  daughter  that  had  been  born  a  few  weeks  only  before  the  father's 
death,  wliich  event  happened  in  May  1 783. 

In  the  following  year  the  Rogets  resided  in  Kensington  Square,  in  the 
family  of  Mr.  Chauvet,  of  Geneva,  who  kept  a  private  school,  where  much 
of  the  character  of  parental  intimacy  was  infused  into  the  ordinary  relations 
of  teacher  and  pupil.  Here  the  boy  received  the  rudiments  of  education  ; 
but  he  was  no  doubt  mainly  indebted  for  his  early  training  to  the  devoted 
care  of  his  mother,  who  was  admirably  qualified  for  the  task,  not  only  by 
her  mental  acquirements,  but  by  a  systematic  habit  of  mind,  which  was  in- 
herited by  her  son  in  a  marked  degree.  At  a  very  early  age,  moreover,  he 
began  the  practice  of  self-instruction  ;  and  having  conceived  a  strong  taste 
for  mathematical  studies,  which  he  pursued  without  aid  or  even  encourage- 
ment from  others,  he  soon  made  considerable  progress  in  the  elements  of 
science. 

Although  from  time  to  time  returning  to  Kensington,  Mrs.  Roget  and 
her  two  children  spent  the  greater  part  of  the  ten  years  next  after  her 
husband's  death  in  short  sojourns  in  the  provinces.  This  was  an  eventful 
period  of  history ;  and,  late  in  life.  Dr.  Roget  remembered  how,  during  a 
summer  spent  at  Malvern,  the  news  arrived  of  the  taking  of  the  Bastille, 
and  how  while  at  Dover  they  used  to  see  the  emigrants  landing  from 
France  and  thanking  God  for  their  deliverance.  In  the  year  1 793,  the 
mother  with  her  two  children  took  up  their  residence  in  Edinburgh,  where 
Roget,  then  14  years  old,  was  entered  at  the  University,  which  was  then 
at  the  height  of  its  fame.  During  the  first  two  years  of  his  residence  there 
he  attended  the  classes  of  Humanity  (Dr.  Hill),  Greek  (Mr.  Dalzell), 
Chemistry  (Dr.  Black),  Natural  Philosophy  (Greenfield),  and  Botany  (Dr. 
Rutherford). 

In  the  summer  of  1 795  his  studies  were  agreeably  varied  by  a  tour  in 
the  Highlands,  in  company  with  his  uncle  Romilly  and  their  attached 
friend  Mr.  Dumont,  well  known  in  connexion  with  the  writings  of  Bentham, 
and  as  author  of  the  '  Souvenirs  sur  Mirabeau.'  To,  the  early  guidance  of 
the  last-mentioned  companion,  who  took  a  warm  interest  in  his  welfare, 
and  was  at  especial  pains  to  aid  the  cultivation  of  his  intellect.  Dr.  Roget 
was  wont  to  attribute  the  enlightened  principles  which  governed  his  con- 
duct throughout  life.  He  entered  the  medical  school  in  the  ensuing  win- 
ter, and  attended  during  that  and  the  two  following  years,  the  lecturet 
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of  Dr.  Monro  on  Anatomy,  Drs.  Black  and  Hope  on  Chemistry,  Mr.  John 
Allen  on  the  Animal  EkM)nomy,  Drs.  Wilson  and  Gregory  on  the  Practice  of 
Medicine,  Dr.  Hamilton  on  Midwifery,  Dr.  Home  on  Materia  Medica,  Dr. 
Duncan  and  Mr.  James  Russell's  Clinical  Lectures,  and,  to  his  especial 
interest  and  delight,  those  on  Moral  Philosophy,  by  Professor  Dugald 
Stewart,  from  whom  he  received  much  kindness,  and  for  whom  he  always 
expressed  a  pecuhaF  regard.  While  thus  diligently  engaged,  he  was  in  the 
summer  of  1797  prostrated  for  a  time  by  a  severe  attack  of  typhus  fever, 
which  he  caught  in  the  wards  of  the  Infirmary,  and  which  nearly  proved 
fatal.  On  the  25th  of  June,  1 798,  he  took  his  degree  of  M.D.,  being  then 
only  19  years  of  age.  The  subject  of  his  thesis,  which  he  dedicated  to  his 
uncle  Romilly,  was  "  De  Chemicse  AfBnitatis  Legibus."  In  the  same  year 
he  wrote  a  letter  to  Dr.  fieddoes  on  the  non-prevalence  of  consumption 
among  Butchers,  Fishermen,  &c.,  which  is  published  in  that  writer's '  Essay 
on  the  Causes  &c.  of  Pulmonary  Consumption,'  London,  1799. 

After  a  summer  and  autumn  spent  in  a  trip  to  the  Falls  of  the  Clyde  and 
the  English  Lakes,  and  a  succession  of  visits  to  Dr.  Darwin  at  Derby,  Mr. 
Keir  (the  Chemist)  near  Birmingham,  Dr.  Beddoes  at  Clifton,  and  the 
Marquis  of  Lansdowne  at  Bowood,  Dr.  Roget  came  to  London  and  con- 
tinued his  professional  studies,  first  at  Dr.  Willan's  Dispensary  in  Carey 
Street,  and  shortly  afler  as  a  pupil  of  St.  George's  Hospital,  where  he  at- 
tended Dr.  Baillie's  lectures  in  the  early  part  of  1799.  In  that  year  he 
wrote  a  letter  to  Davy  on  the  effects  of  the  respiration  of  the  then  new  gas 
(oxide  of  azote,  or  nitrous  oxide),  which  communication  appears  in  Sir 
Humphry  Davy's  '  Researches,'  published  in  1800. 

In  October  1800,  Dr.  Roget  spent  six  weeks  with  Mr.  Jeremy  Bentham, 
who  it  b  understood  consulted  him  at  that  time  upon  a  scheme  which  he 
was  concocting  for  the  utilization  of  the  sewage  of  the  metropolis.  It  may 
easily  be  imagined  with  how  great  an  interest  that  most  remarkable  man 
was  regarded  by  the  young  physician.  In  November  he  began  to  attend 
Abemethy's  lectures  at  St.  Bartholomew's  Hospital. 

At  the  end  of  the  following  year  he  went  to  Manchester  on  an  engage- 
ment to  travel  with  the  two  sons  of  Mr.  John  PhiHps  of  that  town  ;  and 
it  was  while  thus  employed  that  he  met  with  an  adventure  which  he  ever 
after  regarded  as  forming  the  great  crisis  of  his  life.  The  peace  of  Amiens 
having  thrown  open  the  continent  to  English  tourists.  Dr.  Roget  and  his 
two  pupils  spent  about  three  months  in  Paris  in  the  early  part  of  1 802, 
and  thence  proceeded  in  the  summer  to  Geneva,  having  for  their  travelling 
companion  thither  Mr.  Loveil  Edgeworth,  brother  of  the  authoress  Maria 
Edgeworth.  There  Dr.  Roget  found  his  old  friend  and  preceptor  Chauvet, 
and  stayed  for  some  time  at  his  house.  The  succeeding  winter  was  spent 
amidst  the  congenial  society  of  Geneva,  and  in  forming  plans  for  a  summer 
tour  in  Switzerland.  These  prospects  were,  however,  suddenly  dispelled 
by  the  news  of  the  rupture  of  peaceful  relations  between  England  and 
France,  of  which  country  Geneva  then  formed  a  part. 
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This  was  toon  followed  by  Bonjiparte^s  celebrated  order  to  arrest  all  the 
English  then  in  France,  and  above  eighteen  years  of  age.  On  the  first 
rumour  which  reached  Geneva  of  this  measure  on  the  part  of  the  First 
Consul,  Dr.  Rogct  determined  to  retire  at  once  with  his  pupils  into  Swit- 
zerland ;  but  on  attempting  to  do  so  discovered,  to  his  dismay,  that  the 
most  active  measures  had  been  taken  to  prevent  their  escape.  Their  only 
course  was  to  submit'.  The  two  Philipses  were  passed  as  under  18,  but 
Roget  was  detained  prisoner  on  parole. 

This  state  of  things  lasted  for  about  six  weeks ;  and  in  the  mean  time 
fresh  rumours  reached  Geneva  of  a  contemplated  deportation  of  the  Eng- 
lish prisoners  into  the  interior. 

While  Dr.  Roget  was  considering  what  steps  he  should  take  under  these 
circumstances,  he  suddenly  received  the  startling  intelligence  that  in  about  a 
week's  time  all  the  English  in  Geneva  were  to  be  sent  to  Verdun,  and  that 
those  in  Switzerland  were  already  arrested. 

Dr.  Roget  then,  as  a  last  resource,  applied  to  the  authorities  for  exemp- 
tion from  arrest,  on  the  ground  that  he  was  entitled  to  the  rights  of  a 
citizen  of  Gkneva  by  virtue  of  his  descent  from  Genevese  ancestors.  This 
claim  was  fortunately  admitted ;  and  two  days  afterwards  he  saw  the  rest 
of  the  English,  with  poor  Edgeworth  among  them,  set  out  for  Verdun. 

Dr.  Roget  ana  vhis  young  companions  now  lost  no  time  in  leaving  the 
country,  but  a  long  detour  had  still  to  be  made  ere  they  could  reach  Eng- 
land.  The  French  were  rapidly  extending  their  boundaries  westward,  and 
the  travellers  found  it  necessary  to  proceed  by  way  of  Stuttgart,  Frankfort, 
Leipsick,  Potsdam,  Berlin,  Lubeck,  and  Husum,  whence  they  sailed  for 
England,  reaching  Harwich  on  the  22nd  of  November.  On  the  way  the 
elder  Philips  fell  ill  of  a  fever,  which  detained  them  for  two  months  at 
Frankfort.  Dr.  Roget  thereby  made  acquaintance  with  the  celebrated 
anatomist  Soemmering,  whom  he  called  to  his  aid  in  attending  the  patient. 

In  the  spring  of  1804  he  repaired  to  Edinburgh  with  the  intention  of 
'pursuing  his  studies,  but  was  called  from  thence  to  fiath  to  attend  upon 
the  Marquis  of  Lansdowne,  whom  he  accompanied  to  Harrogate,  and  after- 
wards to  Bowood,  as  his  private  physician,  remaining  with  him  till  the  11  th 
of  October. 

Being  then  in  his  26th  year,  and  desirous  of  establishing  himself  in 
practice,  he  took  up  his  residence  in  Manchester,  where,  on  the  death  of 
Dr.  Percival,  there  appeared  to  be  an  opening  in  his  profession.  He  was 
in  the  same  month  appointed  one  of  the  physicians  to  the  Infirmary,  an 
institution  comprising  a  large  Hospital  and  Dispensary,  a  Fever  House, 
and  a  Lunatic  Asylum.  Dr.  Roget  is  regarded  as  having,  in  oonjunctioo 
with  his  colleagues,  Mr.  Gibson  and  Mr.  Hutchinson,  laid  the  foundation 
of  the  Medical  School  in  Manchester.  In  the  winter  of  1605-6  he  gave 
¥rith  them,  a  joint  course  of  lectures  to  the  pupils  of  the  hospital  on  Ana- 
tomy and  Physiology,  himself  taking  the  latter  subject  and  delivering 
eighteen  lectures  from  29th  January  to  3 1st  March,  1806. 
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In  the  midst  of  this  apparent  devotion  to  pursuits  for  which  he  had 
shown  so  much  natural  taste,  and  which  seemed  to  promise  him  suc- 
cess in  life,  he,  strange  as  it  may  appear,  accepted  in  November  1806  the 
appointment  of  private  secretary  to  Lord  Howick,  then  Secretary  of  State 
to  the  Foreign  Department,  and  afterwards  Earl  Grey.  He  very  soon, 
however,  became  conscious  of  a  dislike  for  the  service,  and  quitted  it  in  a 
month,  returning  to  Manchester,  where  he  busied  himself  again  in  an 
occupation  in  which  he  was  destined  to  rise  to  eminence.  In  the  lectures 
he  had  already  delivered  he  had  introduced,  in  addition  to  the  subject  of 
Human  Physiology,  as  already  taught  in  the  school,  a  comparative  survey 
of  the  functions  of  animals,  with  a  view  to  its  forming  a  useful  branch  of 
general  knowledge.  Encouraged  by  this  first  attempt,  he  commenced,  in 
January  1 807,  a  more  popular  course  on  the  Physiology  of  the  Animal  King- 
dom, at  the  rooms  of  the  Philosophical  and  Literary  Society.  This  Society 
numbered  among  its  then  members  men  of  high  distinction  in  science  and 
general  attainments.  In  its  proceedings  Dr.  lloget  took  an  active  part, 
and  he  was  one  of  its  Vice-presidents.  His  lectures,  fifteen  in  number, 
were  delivered  in  the  evenings  twice  a  week,  and  were  well  attended  and 
highly  esteemed. 

Dr.  Roget  resigned  his  post  at  the  Infirmary  in  October  1 808,  and 
transferred  the  scene  of  his  labours  to  London,  where  he  established  him- 
self in  the  following  January  in  a  house  in  Bernard  Street,  Russell  Square, 
and  on  the  3rd  of  March  was  admitted  Licentiate  of  the  Royal  College  of 
Physicians.  He  lost  no  time  in  commencing  on  a  wider  field,  the  career 
which  had  been  indicated  to  him  by  his  success  in  Lancashire.  An  oppor- 
tunity soon  offered  itself.  The  Russell  Literary  and  Scientific  Institution 
had  been  opened  in  the  preceding  year  under  the  management  of  a  number 
of  distinguished  residents  in  the  neighbourhood,  including  his  uncle,  then 
Sir  Samuel  Romilly,  Mr.  James  Scarlett  (afterwards  Lord  Abinger),  Mr. 
Francis  Horner,  &c. ;  and  Dr.  Roget  and  Mr.  Pond  (the  Astronomer  Royal) 
were  chosen  to  inaugurate  the  first  lecture  season,  in  the  spring  of  1 809,  by 
the  delivery  of  two  courses  of  twelve  afternoon  lectures,  the  one  on  Animal 
Physiology,  the  other  on  Astronomy.  Dr.  Roget*s  course,  repeated  in  the 
following  year,  proved  to  be  the  first  of  a  long  series  on  his  favourite  sub- 
ject, which  established  for  him  a  high  reputation,  in  a  career  of  more  than 
thirty  years'  duration  as  a  public  lecturer.  It  will  be  convenient  here  to 
give  a  list  of  these  courses. 

Besides  his  lectures  at  Manchester  in  1806  and  1807,  and  at  the  Russell 
Institution  in  1809  and  1810,  he  lectured  on  the  same  subject  at  the  Royal 
Institution  in  the  spring  of  1812,  1813,  1814,  1822,  and  1823;  at  the 
London  Institution  in  the  spring  of  1 824  ;  at  the  two  last-named  places 
concurrently  in  the  spring  of  1825  ;  in  1826,  at  the  London  Institution  in 
the  spring,  and  at  the  new  Medical  School  in  Aldersgate  Street  in  the 
autumn ;  and  finally  at  the  Royal  Institution  in  the  spring  of  1 835,  1 836, 
and  1837>  as  the  first  Fullerian  Professor,  to  which  chair  he  was  nomi- 
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nated  by  the  foander,  Mr.  John  Fuller.  In  these  courses,  which  num- 
bered from  ten  to  eighteen  lectures  each,  his  favourite  arrangement  of  the 
subject  was  that  which  he  had  adopted  in  1807.  After  a  general  survej  of 
Cuvier^s  classification,  he  would  treat,  first,  of  the  mechanical  functions ; 
secondly,  the  chemical  functions,  circulation,  respiration,  and  nutrition; 
and  thirdly  those  of  the  nervous  system,  and  the  intellectual  faculties. 
At  Aldersgate  Street  he  also  dealt  with  the  function  of  reproduction 
and  evolution.  Sometimes,  however,  he  divided  his  subject  zoologically, 
and  dealt  separately  with  each  class  of  animals.  In  his  earlier  lectures 
he  made  Human  Physiology  the  basis  of  his  comparison,  which  plan 
he  appears  to  have  gradually  exchanged  for  that  in  which  the  interest  rises 
as  the  scheme  of  nature  is  reviewed  in  successive  stages  from  the  lower  to 
the  higher  orders  of  the  animal  kingdom.  At  the  Royal  Institution  in 
1825  and  1836,  and  at  the  London  Institution  in  1826,  he  confined  him- 
self to  one  department,  namely,  that  of  the  External  Senses.  The  intro- 
ductory lecture  at  the  Aldersgate  School  was  published  by  Longman  and  Co. 
in  1 826,  and  of  many  of  his  lectures  he  furnished  the  abstracts  published 
in  the  Literary  Gazette.  In  all  these  discourses  Dr.  Roget  kept  in  view 
what  he  had  announced  at  Manchester  as  his  leading  object,  namely,  "  to 
point  out,  on  the  plan  pursued  by  Dr.  Paley,  those  proofs  of  infinite  wis- 
dom and  benevolence  which  are  displayed  in  every  part  of  the  universe, 
but  which  are  nowhere  so  eminently  conspicuous  as  in  the  structure  and 
economy  of  the  animal  creation." 

In  October  1 809  he  projected  the  foundation  of  the  Northern  Dispen- 
sary, which,  with  the  cooperation  of  many  influential  neighbours,  was  opened 
in  the  following  June,  with  Dr.  Roget  as  its  physician.  The  active  duties 
of  this  office  he  performed  gratuitously  for  the  next  eighteen  years.  In 
1 825  he  was  presented  with  a  handsome  piece  of  plate  by  the  patron  and 
governors.  In  1810  be  began  to  lecture  on  the  Theory  and  Practice  of 
Physic  at  the  Theatre  of  Anatomy,  Great  Windmill  Street,  in  conjunction 
with  Dr.  John  Cooke,  who  two  years  afterwards  resigned  him  his  share  of 
the  undertaking.  Dr.  Roget  then  delivered  two  courses  a  year  until  1815. 
Among  his  colleagues  there,  were  Sir  Benjamin  Brodie,  Sir  Charles  Bell, 
Mr.  Brande,  and  other  leading  men  of  science. 

In  1811  he  was  chosen  one  of  the  secretaries  of  the  Medical  and  Chi- 
rurgical  Society  of  London,  of  which  he  had  been  one  of  the  earliest  pro- 
motors  in  conjunction  with  his  friends  Drs.  Morcet  and  Yelloly.  In  the 
same  year  he  published  a  paper  in  the  Medico-Chirurgical  Transactions, 
vol.  ii.  p.  136,  on  "  A  Case  of  Recovery  from  the  effects  of  Arsenic,  with 
remarks  on  a  new  mode  of  detecting  the  presence  of  this  Metal,"  to  which 
he  afterwards  added  a  note  in  vol.  iii.  p.  342.  In  1812  he  wrote  an  article 
in  the  Edinburgh  Review,  vol.  xx.  p.  416,  on  P.  Huber's  'Recherches  sur 
les  Moeurs  des  Fourmis  Indigenes.'  He  was  also  the  writer  of  the  Review 
in  vol.  XXV.  p.  363,  of  the  same  author's  'Nouvelles  Observations  sur  les 
Abeilles.' 
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While  engaged  in  these  avocations,  as  well  as  in  professional  practice, 
which  about  the  year  1813  began  to  be  considerable.  Dr.  Roget  was  not 
unmindful  of  his  early  passion  for  the  exact  sciences.  Of  Mathematics 
and  Natural  Philosophy  he  made  a  practical  study;  and  in  the  year  1814 
he  contrived  a  sliding-rule  so  graduated  as  to  be  a  measure  of  the  powers 
of  numbers,  in  the  same  manner  as  the  scale  of  Gunter,  then  in  common 
use,  was  a  measure  of  their  ratios.  It  is  a  logo-logarithmic  rule,  the 
slide  of  which  is  the  common  logarithmic  scale,  while  the  fixed  line  is 
graduated  upon  the  logarithms  of  logarithms.  The  consequence  is  that 
powers  are  read  as  easily  as  products  are  on  the  common  rule,  and  the 
arrangement  is  such  that  high  powers  of  quantities  little  exceeding  unity, 
so  much  wanted  in  compound  interest,  statistics,  &c.,  are  read  off  on 
a  single  setting.  His  paper  thereon,  which  also  describes  other  ingenious 
forms  of  the  instrument,  was  communicated  by  Dr.  Wollaston  to  the 
Royal  Society,  and  read  on  the  17th  of  November,  1814.  It  appears  in 
the  Philosophical  Transactions  for  1815,  p.  9.  It  was  through  this 
communication  that  he  gained  admission  to  the  Society.  He  was  elected 
Fellow  on  the  16th  of  March,  and  admitted  on  the  6th  of  April,  1815. 
The  date  of  this  epoch  in  his  life  is  noteworthy  in  relation  to  the  im- 
portance which  he  attached  to  his  deliverance  in  1803  from  the  clutches 
of  Bonaparte.  The  year  in  which  his  paper  was  read  was  that  of  his  young 
friend  Edgeworth's  release.  The  manner  in  which  the  interval  had  been 
employed  affords  a  measure  of  the  loss  which  he  and  others  would  have 
incurred  had  he  been  destined  to  the  like  exile. 

The  next  decade  in  Dr.  Roget's  life  was  a  period  of  active  industry,  passed 
in  the  society  of  many  of  the  most  distinguished  men  of  his  time.  Besides 
his  occupations  above  specified,  he  employed  his  pen  in  the  production  of 
various  published  writings.  In  1815  he  contributed  a  paper  to  the  Medico- 
Chirurgical  Transactions,  vol.  vii.  p.  290,  "On  a  Change  in  the  Colour  of 
the  Skin  produced  by  the  internal  use  of  Nitrate  of  Silver."  At  various 
periods  between  1815  and  1822  he  wrote  the  following  treatises  and  articles 
in  the  Supplement  to  the  sixth  edition  of  the  'Encyclopaedia  Britannica;' 
viz.  Ant,  Apiary,  Barthez,  Beddoes,  Bee,  Bichat,  Brocklesbt, 
Broussonet,  Camper,  Cranioscopy,  Currie,  Deaf  and  Dumb,  Ka- 
leidoscope, and  Physiology.  In  1818  he  wrote  a  letter  ''On  the  Kalei- 
doscope" to  the  Editors  of  the  '  Annals  of  Philosophy,'  which  was  published 
in  vol.  xi.  p.  375.  That  year  was  saddened  by  the  melancholy  death  of  his 
uncle,  Sir  Samuel  Romilly.  In  July  1820  he  was  appointed  Physician  to  the 
Spanish  Embassy,  which  office  he  retained  for  many  years.  In  the  same  year 
he  wrote  a  letter  to  Mr.  Travers  on  a  voluntary  action  of  the  Iris,  which  was 
published  by  Mr.  Travers  in  his  work  '  On  the  Diseases  of  the  Eye ;'  and 
an  Appendix  to  Larkin's  '  Introduction  to  Solid  Geometry  and  to  the  Study 
of  Crystallography,'  in  which  Dr.  Roget  demonstrates  the  ratios  subsisting 
between  the  volumes  of  solids  composing  the  artificial  series,  together  with 
the  various  inclinations  of  their  faces.     In  1821  he  wrote  "Observations  on 


Mr.  Perkins's  Account  of  the  Compressibility  of  Water,"  in  the  '  Annnls  of 
Philosophy,'  N.  S.  vol.  i.  p.  135  ;  and  in  1822,  a  Biographical  Memoir  of 
his  valued  friend  and  frequent  fellow-worker  Dr.  Alexander  Marcet,  in  the 
'Annals  of  Biography  and  Obitoery'  for  1823.  In  1823  he  is  quoted  by 
Dr.  Cooke  in  his  work  on  Epilepsy,  pp.  147, 151,  &  21S.  On  the  Ut 
of  May  in  the  same  year  he  was  appointed  Physician  to  the  General  Peni- 
tentiary, Milbank,  in  conjnnction  with  Dr.  P,  M.  Latham,  on  the  occasion 
of  an  epidemic  dysentery  which  prevailed  among  the  prisoners.  His 
labonra  there  occupied  him  for  fifteen  months  ;  and  in  1824  appeared  the 
joint  report  of  himself  and  his  colleague  to  the  House  of  Commons.  lu 
the  autumn  of  that  year  was  another  great  epoch  of  his  life,  namely  that  of 
his  marriage. 

Dr.  Roget  married  Miss  Hobson,  only  daughter  of  Mr.  Jonathan  Hob- 
son,  a  merchant  of  Liverpool.  The  union  was  one  of  unclouded  happiness, 
hut  of  short  duration,  Mrs.  Roget,  after  giving  birth  to  a  daughter  and 
a  son,  died  in  the  spring  of  1833,  of  a  lingering  disease. 

On  the  9th  of  December,  1 824,  another  mathematical  paper  of  Dr.  Ro- 
gefs  was  read  at  the  Royal  Society;  this  is  entitled  "An  Explanation  of 
an  Optical  Deception  in  the  appearance  of  the  Spokes  of  a  Wheel  seen 
through  vertical  apertures  ■'  (PhU.  Trans,  for  1825,  p.  131);  and  in  1825 
he  wrote  another  in  tbe  'Sricntific  Gatette,' Nov.  5  and  12,  "On  an  ap- 
parent violation  of  the  Law  of  Continuity."  In  1826,  besides  bis  "  Intro- 
ductory Lecture,"  there  appeared  an  article  by  him  on  Electro-Magne^im 
in  the  '  Quarterly  Iteview,'  being  a  review  of  Ampere's  '  Recueil  d'Obser- 
vations  Elcctro-Dyoamiques,'  and  Barlow's  '  Euay  on  Magnetic  Attrac- 
tions;' and  an  article  "On  the  Quarantine  Laws,"  in  the  Parliamentary 
Review,  p.  785. 

In  1827  he  received  a  commission,  vrith  Mr.  Telford  end  Mr.  Brande, 
under  the  Great  Seal,  to  inquire  into  the  supply  of  water  to  the  Metropolis, 
which  resulted  in  the  publication  of  their  report  in  1828, 

He  began  at  this  time  the  composition  of  tbe  series  of  treatises  in  tbe 
'  Library  of  Useful  Knowledge'  on  "Electricity,  Galvanism,  Magnetism 
and  Electro-Magnetism."  They  were  issued  in  parts  in  tbe  years  1827 
1629,  and  1831,  and  were  afterwards  published  together  in  one  volume. 
These  trentises  were  held  in  considerable  repute  at  the  time  they  were  pub- 
lished, and  that  on  Electridty  reached  a  second  ethtion.  lie  also  wrote 
the  article  Galvanism  in  the  'Encyclopedia  Metropolitans,'  Ills  con- 
nexion with  the  Society  for  the  Diffusion  of  Useful  Knowledge,  for  which 
tlie  Eibove  treatises  were  written,  is  thus  referred  to  by  Mr.  Charles  Knight, 
in  bis  '  I'assoges  of  a  Working  Life  ' : — "  Amongst  the  founders  of  this 
Society,  Dr.  Roget  was,  from  his  accepted  high  reputation,  tbe  most  emi- 
nent of  its  men  of  science.  He  was  a  vigilant  attendant  on  its  committees ; 
a  vigilant  corrector  of  its  proofs.  Of  most  winning  manners,  he  was  as 
beloved  as  he  was  respected Upon  all  questions  of  Physiology,  Peter 
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Mark  Roget  and  Ch«ln  Bell  are  the  graU  mthoritiea  ia  tbe  Uiefbl  Knov- 

ledgc  Society." 

On  the  30th  of  Norembrr,  \ti27,  Dr.  Boget  wu  deeted  Seeretuj  of  tbe 

Royal  Society,  on  the  retirement  of  Mr.  (aftcrmrda  Sir  John)  HencheL 

In  company  with  his  friend  Dr.  Boitock  in  1828,  and  again  with  Mn. 
ItogPt  in  1830,  shortly  afler  the  "three  daya"  revoliUion  of  that  j«r,-he 
revisited  Paris,  with  what  recoQectioni  it  ii  euy  to  imagine.  In  the  former 
ycnr  a  diitinguished  friend  of  Dr.  Boget'a  died,  for  whom  he  had  a  pecnliar 
Tcncralion,  namely  Dr.  WolUaton,  and  in  1629  he  lost  hia  early  adviicri 
Diimont.  In  1829  and  1830  he  occupied  the  chair  aa  President  of  the 
McUical  and  Cfainirgical  Society,  of  which  he  had  ceased  to  be  secretary 
three  years  before.  In  1923  he  wrote  an  article  in  the  'Parliamentary 
Review'  on  "Pauper  Lanatici;"  and  in  1631  he  contributed  to  the 
'  Journal  of  the  Royal  Institation  of  Great  Britain,' rol.  i.  p.  311,  a  paper 
"  On  the  Geometric  Properties  of  the  Magnetic  Curve,  with  an  account  of 
an  Iiiatniment  for  its  mechanical  description."  In  June  in  the  aaine  year 
he  was  elected,  tpeeiali  gratia.  Fellow  of  the  Royal  College  of  Phystcians, 
and  in  the  following  May  he  read  the  '  Gulatonian  Lectures,'  for  which 
he  selected  as  his  subject  "The  Laws  of  Sensntion  and  Perception."  An 
abstract  of  them,  written  by  him,  appeared  in  the  *  London  Medical  Ga- 
zette' for  that  month.  In  1832  he  furnislied  the  articles  Agr  and 
Asphyxia  to  the  '  Cyclopaedia  of  Practical  Medicine,'  published  uuder  the 
superintendence  of  liis  friend  Dr.  Tweedie.  Before  this  time,  but  at  what 
precise  date  has  not  bccu  a^certnineJ,  lie  had  written  the  following  articles 
in  'R<?cs'8  Cyclopjcdia  ;  tIi.  SwEATiNn  Sickness,  Syuptoh,  Synocha, 
Synochus,  Tabes,  and  Tetanus. 

Tlie  year  1833  was  one  of  erent  trinl.  Tlio  alisorliing  grief  which  he 
suffered  on  the  death  of  liis  wife  made  other  sorrows  seem  light;  but 
several  family  afflictions  occurred  at  tlie  same  time.  Dr.  Roget  sought  to 
divert  his  minrl  in  the  society  of  his  scientific  friends,  and  in  the  interest  he 
could  still  take  in  scientific  pursuits.  He  attended  the  Meeting  at  Cam- 
bridge of  the  British  Association,  which  had  been  founded  two  yents  be- 
fore at  York.  These  gatherings  were  always  a  source  of  great  delight  and 
interest  to  him,  and  he  was  a  frequent  attendant  at  them  for  the  next  thirty 
years.  At  one  or  more  of  the  earlier  Kleetings  he  filled  the  chair  of  the 
Physiidogicol  Scelion. 

I'ortuiintely  kIso  he  was  at  this  time  engaged  in  an  undertaking  with 
which  his  memory  will  ever  be  associated,  namely,  the  production  of  one  of 
the  ■  Dridgewater  Treatises.'  The  moat  important  department  of  that  eele- 
briited  series,  executed  under  the  will  of  tlie  Earl  of  Dridgewater,  to  illus- 
trate "  the  Power,  "Wisdom,  and  Goodness  of  God,  as  manifested  in  the 
Creation,"  had  been  assigned  to  Dr.  Ro<;et  by  the  late  President  of  the 
Royal  Society.  Mr.  Davies  Gilbert,  to  whom  the  selection  was  ex  o0cio  in- 
trusted.    His  treatise,  which  forma  the  fifth  of  the  series  and  is  in  two 


Tolumei,  has  for  its  title  "  Animal  and  Vegetable  Physiology  conudered 
with  reference  to  Natural  Theology."  Ah  the  testator  had  specified  "  the 
effect  of  digeition,  and  thereby  of  convergion,"  and  "  the  construction  of  the 
hand  of  man,"  B5  instances  of  the  "reasonable  arguments"  whereby  the 
collective  work  was  to  be  illustrated,  were  departments  assigned  to  other 
writers,  to  be  dealt  with  in  Beparate  treatises ;  but  with  these  enceptioni. 
Dr.  Roget's  province  was  to  embrace  nearly  the  whole  of  the  physio- 
logy of  the  two  kingdoms  of  nature.  Of  the  manner  in  which  he  performed 
the  task  it  is  needless  to  speak  at  length  here,  Aa  the  prescribed  purpose  of 
the  workwas  the  very  object  which  he  had  aet  before  him  and  retained  in  view 
ever  since  his  early  efforts  at  Manchester,  he  naturally  adopted  the  arrange- 
ment which  he  had  found  best  in  bis  lectures,  and  he  endeavoured  to  em- 
body in  the  form  of  a  compendium  so  much  of  the  argument  and  such  of 
the  illustrations  as  were  adapted  to  every  class  of  readers,  and  might 
form  a  useful  introduclion  to  the  study  of  Natural  History.  Since  the  time 
of  Rogetthe  science  of  Comparative  Anatomy  has  entered  upon  new  phases, 
then  but  dimly  foreshadowed ;  but  still  his  Bridgewater  Treutise  may  be 
read  with  profit  and  delight  by  ail,  on  account  of  the  deeply  interesting 
nature  of  the  subject,  the  lucidity  of  the  argument,  the  variety  of  illustra- 
tion, the  pure  religious  tone  which  pervades  it,  and  the  admirable  style  in 
which  it  is  composed.  Of  the  work  in  its  original  form  three  editions  were 
published— the  first  and  second  in  1834,  and  the  third  in  IS'IO  ;  and  two 
years  before  his  death,  the  eutlior  superintended  the  passing  through  the 
press  of  a  fourth  edition,  published  by  Messrs,  Bell  and  Daldy.  Dr.  Roget 
was  the  last  survivor  of  the  authors  of  the  Bridgewater  Treatises. 

In  the  years  1834  and  1835  he  held  the  office  of  Censor  to  the  Royal 
College  of  Physicians,  In  1837  and  subsequent  years  he  took  an  active 
part  in  the  establishment  of  the  University  of  London,  of  the  Senate  of 
which  he  remained  a  member  until  his  death ;  and  in  June  1839  he  was 
appointed  Examiner  in  Physiology  and  Comparative  Anatomy,  which  office 
he  held  for  someyears.  In  1838  his  pen  was  again  employed  by  the  editors 
of  the  '  Encyclopiedia  Britannica,'  to  the  seventh  edition  of  which  he  con- 
tributed the  articles  Banks  (Sir  Joseph),PHRENOLOGY,  and  Physiology. 
The  last  two  were  published  separately  in  two  volumes.  That  on  Phreno- 
logy was,  with  some  additions,  a  reprint  of  the  article  "  Cranioscopy  "  he- 
lon^ng  to  the  former  edition.  In  the  original  article  he  had  expressed  his 
strong  dissent  from  the  conclusions  of  the  phrenologists,  and  this  had  given 
rise  to  answers  on  their  part,  particularly  by  Mr.  George  Combe,  in  "  Essays 
on  Phrenology,"  Edinb.  1819,  and  by  Dr.  Andrew  Combe  in  the  'Phreno- 
logical Journal.'  To  these  criticisms,  which  were  at  least  a  tribute  to  the 
ability  with  which  he  had  argued  his  case,  Dr,  Roget  took  this  opportunity 
to  reply.  The  article  "  Physiology  "  was  an  entirely  new  and  comprehen- 
sive treatise,  describing  the  various  functions  of  the  animal  economy.  That 
which  be  had  before  written  under  the  same  title  was  confined  to  the  phi- 
losophical department  of  the  subject,  conbuning  an  analytical  investigation 


or  the  several  cbaiei  c^  vital  powen  and  thrir  mntoal  tdatioD^  jmd  poinU 
ing  ont  the  necessitj  of  dktingaidilng,  mora  cMicfalfy  than  had  bwn  don* 
oy  early  inqairen,  between  phTScal  and  tOal  eaotta.  In  1844  Dr.  Baget 
sgnia  travelled  abroad,  rerinted  Oeneva,  and  took  tlte  appottmatj  of 
attending  the  Meeting  of  tU^  Italian  8<n«nli£c  AwotiaBon  held  that  ^ear 
at  Milan. 

In  other  respects  his  public  life  dniioghii  long  tenn  of  (rfBcouScentaiy 
was  intimately  associated  with  the  annds  of  the  Bojil  Sode^.  In  the 
course  of  that  time  changea  had  been  introduced  which  rendered  du  dntiea 
of  the  Senior  Secretary  exeeedinglj  laborions.  Not  only  did  the  task  at 
editing  the  Proceeding!  both  of  the  Society  and  of  the  Coondl  ftll  to  hii 
share,  but  also  that  of  making  and  pn^»ring  fiMr  publication  the  Abatracta 
of  Papers  read.  This  labour  was  performed  bj  Dr.  Roget  from  Nofwaber 
1827  until  his  retirement  from  office  in  IMS.  Ever  devotfd  to  tba  inte- 
rests of  the  Society  and  to  bis  own  important  dntiea,  he  at  timea  foond  hia 
position  one  of  great  delicacy,  and  his  mune  had  oi  '  ~  ' 
the  front  rank  of  polemical  warikre.  On  theae  o 
position  by  firmness  and  Ibrbearanoe,  while  a 
deserved  attacks.  On  the  7th  of  Norember,  1836,  a  vote  (rf  thanks  waa 
accorded  to  him  by  the  Society. 

On  retiring  from  office,  although  in  his  seventieth  year,  he  at  once  em- 
barked in  a  laborious  undertaking  which  he  had  projected  many  years  be- 
fore. As  long  ago  as  the  year  1805  he  had  formed,  for  his  own  use  in 
literary  composition,  a  small  classed  catalogue  of  words,  which  vocabulary 
had  often  proved  of  great  service  to  him  in  bis  writings.  This  he  deter- 
mined to  expand  into  a  work  of  general  utility,  and  after  three  or  four 
years  of  labour  he  published,  as  its  result,  the  now  well-known  '  Tbesaunu 
of  English  Words  and  Plirasca,  classified  and  arranged  so  as  to  facilitate 
the  expression  of  ideas,  and  assist  in  Literary  Composition.'  The  appre- 
elation  which  the  work  has  received  may  be  inferred  from  the  fact  that  it 
has  reached  a  twenty-eighth  edition.  It  first  appeared  in  1852,  and  after 
running  through  two  editions,  was  reduced  to  a  more  portable  form,  and 
stereotyped.  Not  the  least  remarkable  part  of  the  work  is  the  arrange- 
ment, at  once  ]ihilo3ophicHl  and  practical,  of  the  Ideas,  which  forms  the 
basis  of  the  cla^sificatidn.  The  hook  may  be  shortly  described  as  the  con- 
verse of  an  ordinary  dictionary.  A  dictionary  sets  forth  the  idea  belonging 
to  a  given  espression  ;  tlie  '  Thesaurus' supplies  the  expression  to  a  given 
idea,  A  French  '  Thesaurus,'  in  which  the  author,  Mr.  T.  Robertson, 
adopted  in  nil  its  details  Dr.  Uoget's  arrangement,  was  published  in  Paris 
in  1859,  with  the  title  " Dictionnaire  Idcologiqtie.  Recueil  desMot8,de9 
Phrnses,  des  Idiotismes,  et  des  Proverbes  de  la  Languc  Fran^wse  classes 
aelon  I'ordre  des  Idtes."  An  imitation  of  the  origiual  work,  but  omitting  all 
the  phrases  from  the  classification,  was  also  produced  in  America. 
With  the  publication  of  the  'Thesaurus,'  Dr.  Roget'spnblic  career  may 
^  be  said  to  have  closed.     He  had  for  many  years  retired  from  practice,  and 


now  an  increasing  Aittaesa  excluded  him  to  a  great  extent  from  the  plea- 
sures of  social  intercourse.  This  infirmity,  which  was  almost  the  only 
sign  of  his  great  age,  be  bore  with  patience  and  resignation.  He  had  sur- 
vived all  the  friends  of  his  yonth  and  most  of  those  of  his  manhood ;  but 
he  was  happy  in  the  possession  of  mental  resohrcea,  which  enabled  him  to 
indulge,  even  to  his  last  day,  the  habits  of  constant  industry  which  be  had 
acquired  when  n  boy.  As  with  advandng  age  he  became  less  inclined  for, 
and  at  last  less  capable  of,  ddep  study  or  long-sustained  thoi^ht,  his  em- 
ployments partook  more  of  the  nature  of  pastimes  ;  but  both  in  his  selec- 
tion and  pursuit  of  these  there  might  still  be  traced  the  sdentific  turn  of 
thought  and  philosophical  love  of  method  which  had  characterized  the 
main  achievements  of  his  hfe.  The  engines  he  had  forged  to  store  his 
mind  were  now  employed  to  entertain  his  leisure.  One  example  of  this 
was  very  remarkftble.  At  an  early  period  (May  18ll)he  had  attended  a 
course  of  lectures  by  the  celebrated  Feinaigle,  of  whose  system  of  Mnemo- 
nics he  made  constant  use  throughout  life,  lliis  system  comprises  two 
main  devices  for  a  ntemona  leehniea.  The  one  is  designed  to  record  chro- 
nological facts,  or  indeed  any  facts  connected  with  the  ordinary  succession 
of  numbers,  the  other  to  impress  separate  figures  upon  the  memory.  The 
first  object  ia  accomplished  by  a  methodical  arrangement  in  well-known 
portions  of  space,  such  as  the  sides  of  a  room  ;  the  second  by  means  of 
words  which  can  be  easily  remembered,  and  of  which  the  letters  are  made 
to  represent  figures  under  a  conventional  rule  of  interpretation.  Of  both 
these  sources  Dr.  Roget  had  availed  himself  largely.  He  had  appUed  the 
former  to  a  great  variety  of  subjects.  For  him  familiar  places  had  thus 
an  additional  interest.  The  houses  he  had  lived  in,  and  those  of  friends 
whom  he  had  visited,  the  old  rooms  of  the  Royal  Society  at  Somerset 
House,  and  of  various  Institutions  which  he  frequented,  were  pictured  to 
his  mind's  eye  as  peopled  with  an  infinitude  of  facts,  and  teeming  with 
varied  information.  The  chronicle  of  universal  history,  the  measurement 
of  earth  and  sky,  the  epochs  of  his  life  and  of  those  of  his  contemporaries, 
the  sources  of  his  iucome.  the  categories  of  his 'Thesaurus,'  the  general 
arrangement  of  human  knowledge,  were  ail  recorded  in  this  manner  on  the 
tablets  of  his  memory.  Of  the  second  device,  he  had  also  made  extensive 
application.  Logarithms,  approximations  to  surds,  and  various  ratios  in 
common  use  in  computation  were  set  by  him  to  dc^grel  phrases,  which  it 
was  an  amusement  to  repeat  to  himself  as  he  walked  ;  and  he  would  some- 
times astonish  his  acquaintance  by  accurately  stating  the  value  of  >-  to  forty 
or  fifty  places  of  decimals. 

He  was  always  fond  of  mechanical  contrivances,  and  at  one  period  spent 
much  time  and  labour  in  attempts  to  construct  a  calculating  machine.  This 
design  he  abandoned  on  seeing  the  beautiful  -  en^ne  of  Professor  Schentx, 
of  which  he  at  once  admitted  the  superiority.  He  also  mode  some  progress 
towards  the  invention  of  a  delicate  balance,  in  which,  to  lessen  the  effect 
of  friction,  the  fulcnun  was  to  be  within  a  small  barrel  floating  on  water. 
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Scientific  tojs  were  a  source  of  great  delight  to  him^  as  has  been  already 
seen  in  hb  study  of  the  kaleidoscope.  Late  in  life  he  amused  himself 
much  with  conversions  of  plane  rectilinear  figures  of  equal  areas— Hmtting 
out  pieces  of  card  so  that  they  could  be  differently  put  together  to  prove 
the  equality,  and  thereby  forming  a  series  of  geometrical  recreations.  He 
was  dso  fond  of  exercising  his  ingenuity  in  the  construction  as  well  as  the 
solution  of  chess  problems,  of  which  he  formed  a  large  collection.  Some 
of  those  figured  in  the  '  Illustrated  London  News '  were  of  his  inven- 
tion. To  assist  persons  interested  in  the  same  pursuit,  he  contrived 
and  published  (in  1 845)  a  pocket  chess-board,  in  which  small  men  of  card, 
lying  flat  on  the  board,  were  kept  in  place  by  the  insertion  of  their  bases 
into  folds  or  poekets  in  the  chequered  paper  which  composed  it.  In  the 
'London  and  Edinburgh  Philosophical  Magazine'  for  April  1840,  there 
is  a  "  Description  of  a  Method,"  which  he  invented,  ''  of  moving  the 
Knight  over  every  square  of  the  chess-board  without  going  twice  over  any 
one  ;  commencing  at  a  given  square  and  ending  at  any  other  given  square 
of  a  different  colour."  The  complete  solution  of  this  problem,  which  had 
engaged  the  attention  of  some  of  the  most  eminent  mathematicians,  in- 
cluding Euler  and  De  Moivre,  had  never  been  effected  before. 

During  hb  latest  years,  which  were  passed  in  complete  retirement,  he 
derived  great  amusement  from  light  epigrammatic  literature,  still  collecting 
and  classifying  according  to  his  wont ;  but  his  chief  resource  was  in  the 
pages  of  his  *  Thesaurus/  to  which  he  continued  to  make  additions  until 
the  last  day  of  his  life.  His  constant  spirit  of  cheerfulness  as  his  end  drew 
nigh,  and  the  kindness  and  benevolence  which  endeared  him  to  all  around, 
befitted  a  life  spent  in  accordance  with  his  belief  that  the  purpose  of  our 
existence  here  on  earth  is  that  of  doing  good  to  our  fellow  creatures  in 
furtherance  of  God's  everlasting  glory.  Afler  spending  last  summer  at 
Malvern  in  the  enjoyment  of  his  usual  health,  his  strength  failed  him  during 
the  great  heat  of  August,  and  on  the  1 2th  of  September  he  expired,  peace- 
fully and  without  suffering,  from  the  natural  decay  of  that  vital  power  the 
mysterious  working  of  which  he  had  so  laboured  to  illustrate. 

Dr.  Roget  was  also  Consulting  Physician  to  Queen  Charlotte's  Lying-in 
Hospital ;  Hon.  Member  of  the  College  of  Physicians  in  Ireland ;  Fellow 
of  the  Astronomical,  Entomological,  Geographical,  Geological,  and  Zoo- 
logical Societies,  and  the  Society  of  Arts ;  Member  of  the  Royal  Institu- 
tion ;  Hon.  Member  of  the  Institute  of  Civil  Engineers,  of  the  College  of 
Physicians  in  Ireland,  and  of  the  Literary  and  Philosophical  Societies 
of  Liverpool,  Bristol,  Quebec,  New  York,  Haarlem,  Turin,  Stockholm, 
and  Athens.  He  was  also  a  member  Of  a  variety  of  social  scientific  clubs, 
among  others,  an  Honorary  Member  of  the  Smeatonian  Society  of  Civil 
Engineers ;  and  he  was  at  the  time  of  his  death  the  "  father  "  of  the  Royal 
Society  Club,  of  which  he  had  been  a  member  since  1827. 
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